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ABSTRACT
Humans influence soil properties through agriculture, urbanization, and many other
activities. This study investigated the degree to which humans influence dynamic soil
properties (including bulk density, organic carbon, and heavy metal concentrations) in a
suburban landscape and assesses the variability of these soil properties with respect to the
length of time that has passed since disturbance or construction activities. Aerial photos
were used to delineate residential areas from different years and nine time periods of
development were established. Ten homes from each time period of development were
randomly selected and soil samples were collected from the center of the front yard of each
home. Soil cores were divided into 0-5, 5-10, and 10-20 cm increments with a composite of
five cores. The soils were analyzed for bulk density, total carbon, inorganic carbon, heavy
metal concentrations (Cd, Co, Cr, Cu, Ni, Pb, Zn), pH, and particle size distribution. Organic
carbon content was determined by subtracting the inorganic carbon from the total carbon.
Soils adjacent to older homes could be recovering from disturbance that occurred during
construction. It was found that bulk density ranged from 0.68 to 1.88 g/cm3 for the entire
study area with a mean of 1.13 g/cm3 at depth 0-5 cm, 1.34 g/cm3 at 5-10 cm, and 1.44 g/cm3
at 10-20 cm. The mean soil bulk density for the time periods ranged from a low of 1.23
g/cm3 for soil adjacent to homes built prior to 1939 to 1.70 g/cm3 for soil adjacent to homes
built from 2003-2005. The bulk density was positively correlated with the sand content the
latter of which contributed to the higher bulk density in soils from the most recent time
periods of development. The higher bulk density values of these soils could also be due to
compaction during construction or an accumulation of organic matter. The organic carbon
ranged from 0.01 to 8.41 % for the entire study area with a mean of 3.11 % at depth 0-5 cm,
1.92 % at depth 5-10 cm, and 1.38 % at depth 10-20 cm. The mean organic carbon for the
time periods of development ranged from 4.49 % from soils around houses developed prior
to 1939 to 0.49 % for soils from time period of development 2003-2005. Concentrations of
xCu and Pb were higher in soils from older residential areas. The mean Cu concentration for
the Pre 1939 time period of development was a high of 20.8 mg kg-1 and for time period
2003-2005 was a low of 14.9 mg kg-1. Nickel concentrations increased with depth with a
mean of 20.1 mg kg-1 at depth 0-5 cm, 21.0 mg kg-1 at depth 5-10 cm, and 22.2 at depth 10-20
cm. Organic carbon was positively correlated with concentrations of Pb, Cu, and Cr. All the
heavy metals were positively correlated with one another except Zn. The data suggests that
all the metals except Zn have a common origin, which is most likely parent material. Higher
concentrations of Cu and Pb could be due anthropogenic inputs or due to the higher organic
matter content in soils adjacent to older homes. There may be a source that causes an
increase in Cd, Cr, Co, Cu, Pb, and Ni concentrations in soil adjacent to homes built from
1983-1990.
1CHAPTER 1: INTRODUCTION
General Introduction
As humans, we have a long history of modifying the landscape around us to fit our
needs. Whether it is building roads, tilling for agriculture, mining, installing a dam, or
putting up homes for shelter, soils are affected. Hans Jenny (1941) identified the soil
forming factors of time, biota, topography, parent material, and climate. He recognized that
humans impact soil formation and included humans in the soil forming factor biota. Humans
were also recognized as being able to affect the soil forming factors (Amundson and Jenny,
1991). Other soil scientists, Dudal (2004), have considered humans the sixth soil forming
factor.
Natural soil formation processes often take thousands of years. In contrast,
“anthropedogenesis” occurs very rapidly (Effland and Pouyat, 1997; Sandor et al., 2005).
Soils affected by agriculture, mining, war, and urban/suburban activities are considered
anthropogenic. Urban and suburban soils are unique because they exist where there is the
highest population density. In this thesis, suburban soils refers to soils affected by humans in
a suburban landscape that are under many of the same human influences as urban soils but
have a lower population density. Many other soils are under human influences but the
location of the suburban soils near an urban center set them apart from other soils that may
be affected by humans. For example, tourist attractions have many visitors and soils there
may be affected in similar ways to urban/suburban soils; however, soils affected by
urbanization may have the addition of unique amendments and contaminants (Craul, 1992).
Urban soils processes are almost completely controlled by human activity (De Kimpe
and Morel, 2000). According to United Nations statistics (2007), 82.2 % of people living in
the United States will live in urban areas in the year 2010. Therefore, an increasing number
of humans will be influencing soils in urban areas and there will be an increasing amount of
land in the urban landscape.
2Nizeyimana et al. (2001) reported that highly productive land is being converted to
urban land at a higher rate than non productive land. In Iowa, little or no development occurs
on land with low soil productivity while more than a quarter of urban land development
occurs on land that was highly productive. In the states of Illinois, Indiana, Iowa, and Texas
over 50% of the total urban land occurs on highly productive soils (Nizeyimana et al., 2001).
This study focuses on once highly productive soils from a suburban landscape in Iowa.
Urban and suburban soils have traditionally not received much attention because soil
survey activities have focused on agricultural and forest soils to increase production of food
and fiber (De Kimpe and Morel, 2000). The United States Soil Survey delineates urban soil
map units and soil-urban complexes as shown in the soil survey of Polk County, IA (USDA,
2000). An increased interest in urban and suburban soils has arisen due to growing human
health concerns and soil degradation issues. There needs to be more research on how
humans affect soil formation, “anthropedogenesis” (Effland and Pouyat, 1997). People in
charge of land management need to know how humans affect soils in order to make better
policy decisions (Tugel et al., 2005).
Humans influence soil properties and soil formation in an urban setting through a
variety of activities such as construction, industrial pollution, burning fossil fuels, waste
inputs, fertilization, and artificial filling (Craul, 1992). Scraping equipment, bulldozers, and
backhoes can mix, thin, or thicken soil horizons within minutes and disrupt the natural soil
structure. Construction practices require compaction of soil to use as an engineering material
(Monahan, 1994). Areas disturbed by construction have two to 40,000 times’ greater erosion
than they did prior to construction (Harbor, 1999). Fill material and topsoil used in
construction of buildings and homes may be from the original site or brought in from
elsewhere (Craul, 1992). These materials may be vastly different from the original soil.
Contaminants from industry and fossil fuel combustion can enter the air and water
and end up in the soil. Humans provide inputs into soil through intentional dumping of
3household wastes or perhaps unintentionally through the degradation of consumer products.
Heavy metals have been found in commercial fertilizers (Charter et al., 1993, 1995).
Fertilization and addition of pesticides and herbicides to yards or agricultural fields can lead
to an accumulation of heavy metals in soil.
Because of these diverse human impacts, urban soils routinely exhibit great vertical
and spatial variability (Effland and Pouyat, 1997; De Kimpe and Morel, 2000), atypical soil
structure, compaction, restricted aeration and water drainage, presence of surface crusts on
bare soil, modified soil reaction, interrupted nutrient cycling, modified soil organism activity,
presence of contaminants, and highly modified soil temperature and moisture regimes (Craul,
1985). Specific soil properties that may be affected by human activities include bulk density,
soil structure, texture, pore size distribution, color, organic matter, and concentrations of
contaminants (Sandor et al., 2005). Tugel et al. (2005) identified soil properties that have
been thought to change over the human time scale as dynamic soil properties and they
include soil organic carbon, bulk density, pH, salinity, and aggregate stability.
The preceding description clearly demonstrates the growing prevalence of
“anthrosols” yet little theoretical framework is available on which to base research.
Approaches that could be used to study human affected soils include the examination of
known soils across a major resource land area or examination of a catena within an area. The
approach selected for this study was to examine soils from different neighborhoods within a
specific area (2005 Ankeny city limits) in order to compare soil properties and identify any
variations that may be anthropogenic.
Purpose and Objectives
The purpose of this study is to investigate the degree to which humans influence soil
properties (including bulk density, organic carbon, and heavy metal concentrations) in a
suburban landscape and to assess how these soil properties vary with respect to the length of
time that has passed since disturbance or construction.
4The objectives of this study were to 1) to determine the bulk density, percent organic
carbon (% OC), and concentrations of Cadmium (Cd), Cobalt (Co), Chromium (Cr), Copper
(Cu), Nickel (Ni), Lead (Pb), and Zinc (Zn) as a function of time of development; 2) to
examine the depth (0-5, 5-10, and 10-20 cm) distribution of these properties; 3) to use
correlations of these soil properties along with pH, texture and percent inorganic carbon (%
IOC) to explain trends, and 4) to compare results obtained with Soil Survey information to
help explain trends
Hypotheses
It is assumed that all sites had some degree of disturbance during construction.
However, the time that has passed since the soils adjacent to homes were disturbed varies
based on the year the homes were built. Based on this assumption, the following hypotheses
were formulated: (1) due to time and human activities, soils adjacent to older homes have
lower bulk densities, higher % OC, and higher concentrations of heavy metals compared to
soils adjacent to homes in recently developed residential areas; and (2) bulk density values
increase with depth, the % OC values decrease with depth, and heavy metal concentrations
increase or remain constant with depth if they are due to parent material and decrease with
depth if they are the result of anthropogenic activities.
Thesis Organization
This thesis follows the traditional format. The literature review (Chapter 2) discusses
research related to the soil properties studied with respect to urban and suburban areas. The
methods and materials (Chapter 3) describe the procedures used to determine sampling
locations and how the soils were analyzed. It also provides background information on the
site locations and study area. The results and discussion (Chapter 4) is organized based on
each soil property. The conclusions (Chapter 5) highlight the major findings of the thesis and
provide insights into possible future research needs.
5CHAPTER 2: LITERATURE REVIEW
Introduction to Literature Review
Anthropogenic soils are studied by soil scientists, archeologists, geologists, and many
others who are interested in human-soil interactions. Urban and suburban soils are a special
case of anthropogenic soils that are increasingly studied as humans migrate to urban and
suburban areas. The United States Natural Resources Conservation Service (NRCS, 2000)
produced three soil quality-urban technical notes. These notes provided information on;
1) erosion and sedimentation on construction sites;
2) urban soil compaction; and
3) heavy metal soil contamination.
This study examined soil properties related to these soil quality-urban technical notes
which include soil organic carbon, bulk density, and heavy metal concentrations. Other soil
properties examined were texture, pH, and inorganic carbon. Each soil property will be
explained and pertinent research will be discussed.
Organic Carbon
Soil organic carbon is related to soil organic matter in soils. Soil organic matter is an
important component of soil because it provides plant nutrients, improves soil physical
properties like structure, porosity, and moisture-holding capacity, and supports soil
biodiversity (Wolf and Snyder, 2003). Soil organic matter was found to improve soil
recovery from vehicle traffic damage and improve water retention during dry periods (Zhang
et al., 2005). Typically, higher percentages of soil organic matter and, therefore, soil organic
carbon, indicate more favorable soil conditions. Soil carbon sequestration is an important
component to slowing the effects of increasing amounts of CO2 in the atmosphere. There has
been much research on soil organic carbon as a carbon sink to mitigate the greenhouse effect
(Lal, 2001). Globally, soils serve as the third largest active carbon pool.
6The A horizon of soils usually has the largest amount of soil organic matter. Erosion
processes during and after construction, as well as topsoil removal cause a loss of organic
matter (NRCS, 2000a). Changes in soil carbon levels as land is converted to an urban
landscape have been studied. Pouyat et al. (2002) found that soil organic carbon was
consistent across cities for residential areas. They also observed that residential areas with
low population density had higher soil organic carbon levels than areas in commercial land
use. Scharenbrock et al. (2005) found that older residential urban landscapes had a greater
amount of soil organic carbon than newer residential areas which indicates that the soil can
build up soil organic matter after the initial disturbance during construction. Young fill soils
in New York City were found to have less organic matter than natural soils (USDA, 2001).
Developing areas in Boston, MA, and Syracuse, NY, were found to have more soil organic
carbon prior to development (Pouyat et al., 2006). Cities in drier, warmer areas had slightly
more soil organic carbon after development. Results from Pouyat et al. (2006) suggested that
residential areas in an urban landscape have the potential to sequester large amounts of soil
organic carbon.
Organic matter can also affect heavy metal retention in soil. Soils with high amounts
organic matter could potentially mobilize or immobilize certain heavy metals. A large
amount of Cu in the soil is not available for plants because it is bound to organic matter
(Lepp, 1981). Lead chelates with organic matter (Lepp, 1981). Soil organic matter could
also form soluble complexes with heavy metals causing them to become mobile (Alloway,
1995).
Bulk Density
Soil compaction relates to an increase in soil bulk density, the latter of which is
expressed as the oven dry mass of soil for a given volume. There are two types of
compaction in urban areas: deliberate compaction during construction and unintentional
compaction after construction is completed (NRCS, 2000b). Soil compaction results in an
7increase in soil bulk density and can make root growth more difficult, slow water infiltration
rates (Pitt et al., 2001), reduce available water holding capacity, and reduce biological
activity (NRCS, 1996). Compaction can also lead to increased surface runoff and loss of
fertilizers applied to lawns (Kelling and Peterson, 1975). A study in Idaho and the state of
Washington found that older residential urban soils had lower bulk densities compared to
newer landscapes and it was, therefore, suggested that urban soils may rebound from
compaction that occurs during construction (Scharenbroch et al., 2005).
It was noted by Craul (1992), Lichter and Lindsey (1994), Day and Bassuk (1994)
and Jim (1998) that compaction during construction affects tree growth in urban areas.
Research has been done to determine the bulk density at which plant root growth will be
adversely affected. However, bulk density values vary based on the plant and the soil texture
(Day and Bassuk, 1994). Heilman (1981) found root growth of Douglas-fir seedlings to be
restricted at bulk densities between 1.74 and 1.83 g/cm3 in sandy loam and loam soils. The
NRCS Soil Quality Institute (1999) reported the bulk densities at which root growth may be
affected or restricted for different soil textures (Table 1). Plants growing in coarser textured
soils can tolerate higher bulk density than plants growing in fine textured soils.
Table 1. Bulk density at which root growth is affected or restricted (NRCS Soil Quality Institute, 1999)
>1.651.55<1.10Silty clay loam
>1.751.60<1.30Silt loam
>1.751.60<1.40Clay loam
>1.75-1.801.60-1.63<1.40Loam
>1.801.63<1.40Sandy loam
restricts root growthmay affect root growthideal
Bulk Density (g/cm3)Texture
8Heavy Metals
Urban areas often experience heavy metal contamination. About three quarters of the
known chemical species are metals. Alloway et al. (1990) described heavy metals as metals
and metalloids associated with pollution and toxicity, but also can be required by some
organisms in small concentrations. Heavy metals that have been found essential to plants or
animals include As, Co, Cr, Cu, Ni, and Zn (Alloway, 1995). Cd and Pb may be essential at
very low concentrations. A high level of any of these metals in soil can be toxic to plants.
Most of these metals have a high specific gravity, hence “heavy metals” (Table 2). For this
study, the definition given by Alloway et al. (1990) will be used. Metals investigated in this
study included Cd, Cr, Co, Cu, Pb, Ni, and Zn. These are eight of the major heavy metals
that are cause for concern in the environment (Swedish EPA, 2001). They will be the focus
throughout this thesis.
Urban soils often have higher concentrations of heavy metals than rural soils due to
higher inputs from wastes, industry, and burning of fossil fuels. Background concentrations
of heavy metals are present in the environment due to natural concentrations in geologic
deposits or soil parent material (Lepp, 1981). Average background concentrations of these
metals reported by various authors are presented in Table 2. In soils, these metals can take
on different forms. As discussed previously, metals can complex with organic matter in
soluble and insoluble forms. These metals can also exist in soil as free ions, sorbed to oxides
and organic matter, precipitated, hydrated, on the cation exchange, or in primary mineral
structures. Total metal concentrations, encompassing all of these forms, were determined for
this study.
9Table 2. Background concentrations of heavy metals in soils.
70-4005010-3001-9007.1365.37Zn
100-400102-2002-30011.35207.19Pb
100405-5002-7508.958.71Ni
60-125302-1002-2508.9663.54Cu
75-1001001-1,0005-15007.1852.00Cr
25-5081-400.5-658.9058.93Co
3-80.060.01-0.700.01-2.08.65122.40Cd
mg kg-1mg kg-1mg kg-1mg kg-1g/cm3g
Level of possible
toxicity to plants
(Pendias, 1992)
Average in soil
(Lindsay, 1979)
Range in soil
(Lindsay, 1979)
Normal range in
soils (Bowen, 1979)
Specific
Gravity
Atomic
WeightMetal
Heavy metal concentrations in air, water, and soil have increased beyond background
levels due to human activities including mining and processing of these metals to use in
industrial products such as gasoline, paint, pesticides, fertilizers, batteries, tires, and brake
pads. As a result of industrialization and production processes, human exposure to these
heavy metals has increased.
Heavy metals have entered the food chain of plants and animals. Humans can be
exposed to heavy metals chronically due to food transfer or directly due to ingestion (NRCS,
2000c) or breathe it in as dust (Abrahams, 2002). Children are more susceptible to exposure
because of their play habits (USEPA, 2006).
Heavy metals have a wide range of effects on humans. Children exposed to Pb were
found to have impaired mental development (Sanborn et al., 2002). Exposure to Pb early in
life has been thought to be a cause for Alzheimer’s disease (Prince, 1998). Elevated levels of
Pb have been found in blood of people with Lou Gehrig’s disease (ALS) (Campbell et al.,
1970; Conradi et al., 1980). Cadmium and Cr are known carcinogens and Pb and Ni are
probable carcinogens (Carpenter et al., 2002). Exposure to Cd and Cr can lead to oxidative
stress in humans (Liu et al., 2001). Research on Zn has showed that most health problems
associated with the metal are due to Zn deficiency (Walsh et al., 1994). However, research
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has also shown that extremely high amounts of Zn can cause nausea, vomiting, lethargy, and
fatigue (Fosmire, 1990). Copper is essential to human health, however, toxic levels can
cause liver problems (Aston, 2000) and produce oxidative stress (Gaetke and Chow, 2003).
Health problems due to Co are related to the respiratory tract and result from breathing in Co
dust (Lison, 1996).
Microorganisms can be affected by heavy metal concentrations in soil. Enzyme
activities can be disrupted. Nickel, Cu, Cd, and Zn were found to decrease soil microbe
enzymatic activity related to cycling of N, P, and S (Kandeler et al., 1995). At non toxic
concentrations, some microorganisms were also found to be important in oxidation and
reduction reactions involving Cr (Sylvia et al., 2005).
Heavy metals can have an adverse affect on some plants while other plants are
tolerant or resistant to heavy metals and may even be used to remediate contaminated areas.
Those plants that can hyper accumulate heavy metals are being used to clean up soils
contaminated with heavy metals (Cunningham and Ow, 1996). Zinc, Cu, Cd, and Pb were all
found to be toxic to vascular plants (Pahlsson, 1989). Most toxic effects on plants included
limited growth in roots or shoots, but toxicity depends on the plant (Alloway, 1995).
Concentrations in soil at which possible toxicity to plants may occur have been determined as
reported in Table 2.
Sources of soil heavy metals in urban settings vary. Land that was once used for
agriculture may have high concentrations of heavy metals due to fertilizer use. Cobalt is
often present in commercial fertilizer, compost, manure, and sewage sludge fertilizers
(Barceloux, 1999). Cadmium has also been found in phosphate fertilizers (Alloway, 1995).
Paint is a source of lead in soil especially around homes built before 1978 (USEPA, 2000).
Leaded gasoline has also contributed Pb to soil and traffic has been found to be the main
contributor of Pb to soils from urban and suburban areas (Sanchez-Martin et al., 2000).
Vehicle traffic can also be a source for Cd, Cr, Ni, Zn, and Cu in the soil (Lepp, 1981). The
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major source of Ni is burning fuel and oil (Alloway, 1995). The quantity of Zn released
during tire wear in the mid-1990s is equal to the amount released from waste incineration
(Councell et al., 2004). Metal production and waste incineration are the two largest
anthropogenic sources of zinc to the atmosphere. Vehicle brakes are a main source for Cu in
soil (Landner and Reuther, 2004). Some metal contaminants most likely come from urban
runoff (Pitt et al., 1999). Urban areas have a high amount of impermeable land consisting of
buildings or pavement. Sources of Cr include road pavement and tires (Landner and Reuther,
2004). Pressure treated wood was found to be a source for Cu and Cr in soil (Stilwell and
Gorny, 1997).
Urban soil studies have attempted to locate areas contaminated with heavy metals,
and further quantify the degree of heavy metal pollution. Many sampling schemes have been
used to assess the overall heavy metal content in soil. Spatially orientated sampling, distance
from the city center, land use sampling, and comparisons between cities have all be used to
assess the degree of heavy metal contamination.
A study conducted in Sweden looked at Cd, Cr, Cu, Hg, Ni, Pb, Zn, and As
concentrations in soils of the Stockholm Municipality (Linde et al, 2001). The city center
was sampled along with areas outside the city center to a depth of between 25 and 60 cm
with the assumption that the city center would have been under the influence of
anthropogenic activities for a longer period of time. These areas were grouped based on their
land use. It was found that grouping soils based on land use was a better way to investigate
heavy metal contamination in the municipality rather than by distance from the city center.
Markus and McBratney (1996) examined the occurrence of Pb, Zn, Cu, and Cd in
topsoil from Glebe, Australia. They found that heavy metal concentrations were spatially
correlated. In the Danang-Hoian area of Vietnam, a study based on land use was conducted
to assess the degree of anthropogenic influences on Cd, Cr, Cu, Ni, Pb, Zn, and Zr
distribution in soils (Thuy et al, 2000). Industrial use soils had the highest concentrations of
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contaminants. Carey et al. (1979) determined heavy metal concentrations in U.S cities and
one of the cities was Des Moines, IA. The results indicated that urban lawns had higher
concentrations of Pb, Hg, Cd, and As compared to suburban lawns (Table 3).
Table 3. Heavy metal concentrations in lawn soils from Des Moines, IA (Carey et al., 1979).
2.214.7As
0.140.85Cd
ND0.61Hg
13102.0Pb
mg kg-1
SuburbanUrban
Des Moines, IA LawnsMetal
Texture
Soil texture refers to the proportion of sand, silt and clay in the soil and is presented
as the percent sand (% sand), percent silt (% silt), and percent clay (% clay). It is often called
the particle size distribution and is one of the most important soil properties. Soil texture is
important to heavy metal mobility and accumulation in soil. An increase in clay causes an
increase in soil surface area and affects adsorption processes. For example, Pb adsorbs to
clay mineral surfaces (Lepp, 1981). Thuy et al. (2000) found increasing concentrations of
heavy metals in the silt and clay fractions of soil.
pH
The pH of the soils affects metal speciation and mobility. Most heavy metals become
more soluble under acidic conditions and, therefore, more mobile (NRCS, 1998). Adsorption
of Zn, Cd, Hg, and Co increases with an increase in pH (Alloway, 1990). Typically, Ni, Cu
and Cr (III) also become more mobile as pH decreases. Lead solubility tends to increase
with a decrease in pH rendering it more mobile (Lindsay, 1979). At high pH’s, Pb usually
precipitates and becomes less available. Plant available Cd decreases as soil pH reaches a
value of 6.5 or more (Lepp, 1981). Solution phase Cu decreases as the soil pH increases
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because Cu is adsorbed more strongly. At high pH’s, which is usually related to the presence
of large amounts of CaCO3, heavy metals can precipitate to form solids which causes them to
be less mobile.
Inorganic Carbon
The percent inorganic carbon (% IOC) in soil is related to the amount of CaCO3 in
soil and can be an indication of the mineralogy of the parent material or the degree of soil
leaching. The parent material of the soils in this study is calcareous glacial till (USDA,
1953). In these soils the pH typically increases with depth due to an increase in CaCO3. As
stated previously, CaCO3 can also cause soluble heavy metals in soil to precipitate and
become immobile. Also, the presence of CaCO3 can indicate an environment where there is
insufficient water for leaching to occur or there has been groundwater recharge and
subsequent precipitation.
Soil Survey
The Soil Survey for Polk County, IA (USDA, 2000) gives typical values for soil
properties in Polk County. The soil properties of texture, pH, and percent organic matter (%
organic matter), which can be calculated from the % organic carbon, were chosen for a
comparison between values calculated in this study and the USDA (2000) values. Table 4
summarizes the USDA (2000) soil property values for soils that were sampled in this study.
It is unlikely that the soil survey sampled from the front yards of homes. However,
the soil mapped in the front yards of homes reflects the soil that existed there or near by.
Comparisons between soil property values given by the USDA (2000) and the measured
values in this study can help explain the degree of anthropogenic activity. For instance,
calculated organic matter values that are lower than USDA (2000) values may be an
indication that soil erosion or removal of organic matter occurred. If textures are extremely
different from the USDA (2000) values than soil disturbance or fill activities may have
occurred.
14
Table 4. Soils properties of sampled soils from Polk County, IA Soil Survey (USDA, 2000).
5.6-7.31-21.50-1.5510-15Sandyloam0-20Zenor
5.6-7.32.5-3.51.30-1.4015-27Loam0-38Lester
7.4-8.46-71.25-1.3527-35Clayloam0-41Canisteo
6.6-7.36-71.35-1.4027-35
Silty
clay
loam
0-41Webster
6.1-7.35-61.15-1.2524-27Loam0-48Nicollet
5.6-7.33-41.40-1.4518-24Loam0-38Clarion
5.6-7.32-31.40-1.6010-25Loam0-41Hayden-Urban
7.4-8.46-71.25-1.3527-35
Silty
clay
loam
0-41Canisteo-Urban
6.6-7.36-71.35-1.4027-35
Silty
clay
loam
0-41Webster-Urban
5.6-7.34-81.15-1.2524-27Loam0-48Nicollet-Urban
5.6-7.33-41.40-1.4518-24Loam0-38Clarion-Urban
pH
%
Organic
Matter
Moist Bulk
Density
g/cm3
% ClayTextureDepth
cm
Soil Name
Bulk density, % OC, heavy metal concentrations, texture, pH, and % IOC are all
important soil properties. Decreasing bulk density and increasing % OC with increasing time
since development may indicate that natural soil processes are alleviating the affects of
compaction and soil erosion and removal. Increases in heavy metal concentrations in soils
adjacent to older homes can be used to assess the degree of anthropogenic inputs to the soil.
Soil texture, pH, and % IOC can help explain results.
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CHAPTER 3: MATERIALS AND METHODS
Study Area
Ankeny, Iowa, is a rapidly growing suburb of Des Moines, the state capital (Figure
1). According to the Polk County Auditor (2007), Ankeny was the third largest city in Polk
County behind Des Moines and West Des Moines based on a special census conducted in
2005. John Fletcher Ankeny bought approximately 32 hectares (0.3 km2) of land in 1874 and
platted Ankeny in 1875 (City of Ankeny, 2005-2007). In 1903, Ankeny was incorporated as
a town of approximately 113 hectares (1.1 km2) with a population of less than 500 people.
Ankeny officially became a city in 1961 with 2,964 residents, which was double the 1950
population. It grew from 18,482 people in 1990 to 36,161 in 2005 (Figure 2). The GIS
shapefile of the 2005 Ankeny city limits was obtained from the Ankeny GIS Coordinator on
September 27, 2005. The area within the city limits in 2005 was calculated using ArcMap by
ESRI and it was approximately 5,957 hectares (60 km2). The 2005 Ankeny city limits
shapefile was used to define the entire study area for this project.
Aerial photos of the Ankeny area from 1939 indicate that it was primarily farmland.
A railroad track was established through Ankeny in 1874 (City of Ankeny, 2005-2007).
During World War II, an ammunition plant was located in Ankeny. After the war, Iowa
State University acquired some of the ammunition plant land for a research farm and the rest
of the land was purchased by Deere and Company. Due to its rapid growth, Ankeny became
a draw for retail stores such as Home Depot, SuperTarget, Wal-Mart, Kohl’s, and Menards
(Ankeny Online, 2007). Aerial photos of Ankeny in 2005 show land that was once farmland
is now developed for urban uses.
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Figure 1. Location of Ankeny in Polk County, Iowa.
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Figure 2. Population growth of Ankeny from 1910 to 2005.
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The entire city of Ankeny is located on the Des Moines Lobe, a landform shaped by
glacial activity that last occurred 12,000 to 15,000 years ago (Prior, 1992). Glaciers left
behind an area of knobby hills and ridges with irregular ponds and wetlands (Prior, 1992).
The soils of Ankeny are typical of those represented in the Des Moines Lobe. Most of the
soils formed in glacial till under a native prairie vegetation. The predominant soil series on
the Des Moines Lobe, and within the Ankeny city limits, are the Clarion (Fine-loamy, mixed,
superactive, mesic Typic Hapludoll), Nicollet (Fine-loamy, mixed, superactive, mesic Aquic
Hapludoll), and Webster (Fine-loamy, mixed, superactive, mesic Typic Endoaquoll).
Determination of Sampling Locations
Aerial photos of the Ankeny area were obtained from the University of Northern
Iowa and the Iowa State University geographic map server (2007) for the following years:
1939, 1955, 1961, 1967, 1974, 1982, 1990, 2002, and 2005. Aerial photos from the
University of Northern Iowa were geo-referenced and viewed together in ArcMap by ESRI.
The photos were examined by distinguishing between houses and businesses. Polygons were
drawn around groups of homes which delineated residential areas for each year of the photos.
This resulted in the delineation of nine areas of residential development, each representing
the residential development that occurred prior to the date the photos were taken (Figures 3-
11). The 2005 Ankeny city limits shapefile was overlaid on the photos from each year to
represent the largest area of possible development examined in this study.
The nine residential zones were used to determine the area for each time period of
development. The oldest zone delineated represented the Pre 1939 time period of
development. The 1939 residential area was overlaid on the 1955 residential area to
determine the difference in area (the development that occurred between the two years). The
area represented the development that occurred between 1940 and 1955 (the 1940-1955 time
period of development). This process was carried out for sequential time periods which
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created the following time periods: Pre 1939, 1940-1955, 1956-1961, 1962-1967, 1968-
1974, 1975-1982, 1983-1990, 1991-2002, and 2003-2005 (Figure 12). 
Sampling locations were selected by creating random points for each time period of
development using Hawth’s Tools in ArcMap. Ten random points were generated for each
time period. A total of ninety random points were, therefore, generated and residential yards
closest to the points were identified as sampling sites. The Polk County Assessor’s website
(2005-2006) was used to verify the year homes were built and white pages.com was used to
obtain the phone numbers of the home owners. Permission was obtained from each home
owner prior to sampling the front yard. New sites were chosen for locations where the
resident did not agree to the sampling. A total of 135 Ankeny residents were called to obtain
permission for 90 sites.
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Figure 3. 1939 aerial photos and residential development prior to 1939.
20
Figure 4. 1955 aerial photos and residential development prior to 1955.
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Figure 5. 1961 aerial photos and residential development prior to 1961.
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Figure 6. 1967 aerial photos and residential development prior to 1967.
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Figure 7. 1974 aerial photos and residential development prior to 1974.
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Figure 8. 1982 aerial photos and residential development prior to 1982.
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Figure 9. 1990 aerial photos and residential development prior to 1990.
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Figure 10. 2002 aerial photos and residential time of development prior to 2002.
27
Figure 11. 2005 aerial photos and residential development prior to 2005.
28
Figure 12. Nine time periods of residential development.
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Soil Sampling
Soil samples were collected on the following dates: 11/17/2005, 11/29/2005,
4/12/2006, 4/17/2006, 4/19/2006, 5/1/2006, and 5/2/2006. Each sampling site (residential
front yard) was assigned a number 1-90. All samples were collected using stainless steel
hand probes with an inside diameter of 1.75 cm. Five cores were extracted at each sampling
location and sectioned into 0-5, 5-10, and 10-20 cm increments (Figure 13). The cores were
taken from the center of the front yard and an equal distance from any trees, roads,
landscaping, driveways, or sidewalks. This sampling pattern was chosen in order to
minimize sampling from highly disturbed areas and to avoid areas that may contain a large
amount of foreign fill.
Figure 13. Soil core with measuring tape.
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Samples were placed in brown bags and labeled with the site number (1-90) and a 1,
2, or 3 corresponding to 0-5, 5-10, and 10-20 cm depths, respectively (Figure 14).
Figure 14. Soil core and sample bags.
Samples were kept in a refrigerated room (~2°C) at Iowa State University until the
first analysis. Coordinates for each site were obtained using a hand held GPS unit with
ArcPad by ESRI and downloaded to view site locations in ArcMap (Figure 15). Site
characteristics (presence of trees, condition of grass, and uniformity of cores) were also
recorded.
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Figure 15. Nine time periods of residential development and 90 sampled locations.
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Soils Sampled
The soil map units of the residential lots where the sampling occurred were
determined (Figure 16). This information was obtained by using ArcMap to join the
shapefile of the site coordinates that were downloaded from the GPS unit with the soils
polygon data layer obtained from the NRGIS Library (2005). The soil series mapped at the
sampled sites included the Clarion, Nicollet, and Webster along with the Canisteo (Fine-
loamy, mixed, superactive, calcareous mesic Typic Endoaquoll), Lester (Fine-loamy, mixed,
superactive, mesic Mollic Hapludalf), Hayden (Fine-loamy, mixed, superactive, mesic
Glossic Hapludalf), and Zenor (Coarse-Loamy, mixed, superactive, mesic Typic Hapludoll).
Table 5 shows the number of sample sites and the individual soil series for each time
period. Eighty-one of the 90 sampling sites were on soils classified in the USDA Soil Survey
(2000) as urban or urban complexes. These soil series include Urban, Clarion-Urban,
Nicollet-Urban, Webster-Urban, Canisteo-Urban, and Hayden Urban. The urban
classification accompanying a soil series name indicates that approximately 40% of the soil
map unit is urban and 60% of the land fits the soil series (USDA, 2000). An urban
classification alone indicates 100% of that soil map unit is urban land which is defined as a
map unit that consists of areas that are covered by buildings, roads, streets, parking lots,
mobile homes parks, auto salvage yards, and railroad yards in which the original soils can no
longer be identified (USDA, 2000). The latest soil survey for Polk County, Iowa, states that
all soil descriptions were the result of field work done in 1993. Note that homes located on
soils not classified as urban or urban-complexes were built after 1993, indicating their
disturbance may not have been recorded yet.
Each time period zone included sampling sites located on at least two different soil
series. All the time period zones had sampling locations on soils classified as Nicollet or
Nicollet-Urban complex and Webster or Webster-Urban complex. The most sampling sites
were located on Nicollet-Urban soil.
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Figure 16. Sampled sites and soils.
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Table 5. Number of sites located on each soil series by time period.
3
2
1
1
1
1
Clarion
Nicollet
Webster
Canisteo
Lester
Zenor
2003-2005
3
1
1
3
2
Clarion-Urban
Webster-Urban
Clarion
Nicollet
Webster
1991-2002
3
3
2
2
Clarion-Urban
Nicollet-Urban
Webster-Urban
Hayden-Urban
1983-1990
3
2
4
1
Clarion-Urban
Nicollet-Urban
Webster-Urban
Canisteo-Urban
1975-1982
3
1
5
1
Clarion-Urban
Nicollet-Urban
Webster-Urban
Canisteo-Urban
1968-1974
1
6
2
1
Clarion-Urban
Nicollet-Urban
Webster-Urban
Canisteo-Urban
1962-1967
6
1
3
Nicollet-Urban
Webster-Urban
Canisteo-Urban
1956-1961
2
6
1
1
Clarion-Urban
Nicollet-Urban
Webster-Urban
Urban
1940-1955
8
2
Nicollet-Urban
Webster-Urban
Up to 1939
Number of SitesSoil SeriesTime Period
Laboratory Analyses
Samples were air dried and the weight of each sample was determined (Figure 17).
All samples were hand ground with an agate mortar and pestle to pass a 2 mm plastic sieve
(Figure 17). The weight of the <2 mm fraction was recorded. The bulk density was
determined based on the volume of soil in the probe for the two different lengths. The
average oven dry weight of the five composite cores was used. The volume of soil for each
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depth was determined using the equation volume = r2 l, where r is the radius of the sampling
probe and l is the length, or in this case, the depth of soil. A value of 0.875 cm was used for
the soil probe radius. The volume of soil at the 0-5 and 5-10 cm depths was determined
using 5 cm for the length and the volume at the 10-20 cm depth was determined using 10 cm
for the length. Therefore, the soil core volume at the 0-5 and 5-10 cm depths was 12 cm3 and
the soil core volume at the 10-20 cm depth was 24 cm3.
Figure 17. Samples air drying, weighing, grinding, and sieving.
A sub-sample of 15 grams was oven dried at 105° C to determine the gravimetric
moisture content of each soil sample. The moisture content was then used to determine the
oven dry weight of the <2 mm fraction and the oven dry weight was added to the weight of
the >2 mm fraction which represented the total oven dry weight of the sample. The bulk
density was determined by dividing the total oven dry weight of the sample by the volume of
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the sample. Bulk density values were reported to the nearest 0.01 g/cm3 (Soil Survey Staff,
2004).
The pH was determined on air dry, <2 mm soil using the modified USDA 1:1 water:
soil procedure (Soil Survey Staff, 2004). Ten grams air dry sample was weighed and placed
in a plastic cup and 10 mL of deionized water was added. The time was recorded at the
addition of the water and each soil sample was stirred continuously for one minute. The soil
was allowed to stand for 30 minutes and then stirred again. The pH of the samples was
determined using an AR15 pH meter by Fisher Scientific. Results were recorded to two
decimal places. Two different standards were incorporated and analyzed as three checks
with every 37 samples as checks. The standard deviation of the loess pH standard was 0.26
and the other standard was 0.10.
Total, inorganic, and organic carbon were determined for each soil sample. Total
carbon was determined using the dry combustion method. A 0.2000 g sample was weighed
into a tin foil capsule. Samples were analyzed using a LECO TruSpec CHN analyzer (2005).
A modified pressure calcimeter method was used to determine the inorganic carbon
content of samples with a pH > 7.0 (Sherrod et al., 2002) (Figure 18). A sample of 1.00 g air
dried soil was weighed into a 20 mL Wheaton serum bottle (Figure 18). Mixtures for
standardization had varying percent CaCO3 and were also weighed out. A rubber stopper
was inserted into each bottle and sealed with crimped aluminum tear-off seals. Blank bottles
were capped to use as background values. A syringe was used to add 2.0 mL of 0.05 M
FeSO4 reagent to the bottles. Each bottle was shaken and allowed to sit for 2 hours. Then
the voltage of each sample was read using the pressure transducer. Change in pressure due
to CO2 was determined using a standardization graph. From these data the percent CaCO3
and percent inorganic carbon were calculated. The % organic carbon was obtained by the
difference between the total carbon and inorganic carbon. The organic matter content was
calculated from the % organic carbon.
37
Figure 18. Pressure calcimeter and Wheaton serum bottles.
The particle size distribution of the soil samples was determined using the pipette
method (Walter et al., 1978) (Figure 19).
Figure 19. Setup for particle size analysis with pipette.
Ten grams of soil sample was placed in a glass bottle. Deionized water, 10 mL H2O2, and 5
mL acetic acid was added to the sample and it was allowed to sit for at least two hours. The
bottle was then placed on a hot plate. The sample was boiled to remove CaCO3 and destroy
organic matter. Additional deionized water and 5 mL H2O2 were added to samples if the
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sample appeared tan or brownish after boiling. Ten mL of calgon and more deionized water
were added to the sample. The sample was placed on a reciprocating shaker over night.
Sands were sieved from each sample and the suspension was placed in a 1000 mL graduated
cylinder. The suspension was brought to volume and the temperature was recorded. Based
on settling times, the samples were pipette at 10 cm and at 5 cm depths to determine the
amount of coarse silt, fine silt, and clay in the sample. A loess standard was incorporated
into the analysis for every 19 samples. The standard deviation for the loess standard was
0.17 percent sand, 2.87 percent coarse silt, 1.74 percent fine silt, and 1.55 percent clay.
The total concentrations of Co, Cu, Cd, Cr, Pb, Ni, and Zn were determined using a
complete digestion procedure (Akagi and Nishimura, 1991). A subsample of soil was hand
ground with agate mortar and pestle to pass a 100 mesh nylon sieve (Figure 20). One gram
of finely ground sample was weighed into a 50 mL Erlenmeyer flask. The exact weight was
recorded and used to calculate exact concentrations of heavy metals. About 14 mL of a 1:5:1
Nitric: Sulfuric: Perchloric acid mixture was added to each flask under a perchloric acid hood
(Figure 20).
Figure 20. Soils were ground and acid was added for heavy metal analysis.
The samples were placed on a sand bath for 3 hours. Watch glasses were placed on
top of the flasks after one hour (Figure 21). After the samples were cooled, deionized water
was added. Due to the exothermic reaction, samples were again allowed to cool and they
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were filtered, using # 42 Whatman filter paper, into a 100 mL volumetric flask and were
make to volume with distilled water (Figure 21). Each sample was transferred into a test
tube after rinsing the latter three times with the digest. An aliquot of the sample was placed
in a plastic Nalgene bottle (Csuros, M., 2002) (Figure 21). Samples in the test tubes were
analyzed with an ICP-OES for the heavy metals (Figure 21).
Figure 21. Samples were heated, filtered, transferred into test tubes, and analyzed with ICP.
The wavelengths used by Iowa State University for the heavy metal analysis are
shown in Table 6. Replicates, checks, and comparisons were used to determine the precision
and accuracy of the heavy metal concentrations obtained at Iowa State University. Two
Ankeny samples (1-2 and 9-1) and one laboratory sample, obtained from the Iowa State
University Soil and Plant Analysis Laboratory, were carried through each digest. The
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standard deviations of the metal concentrations for these three samples are shown in Table 7.
Each digest also had randomly selected replicates.
Table 6. Wavelengths used in heavy metal analysis with ICP-OES at Iowa State University.
213.856Zn
220.351Pb
231.604Ni
324.754Cu
267.716Cr
228.615Co
226.502Cd
nm
WavelengthMetal
Table 7. Standard deviations of metal concentrations for the three samples carried through each digest.
11.511.68.7Zn
8.813.110.1Pb
2.13.02.5Ni
1.41.32.8Cu
2.23.84.4Cr
1.32.01.5Co
1.21.51.3Cd
------------------mg kg-1-----------------
Standard Deviation
Laboratory SampleSample9-1
Sample
1-2Metal
One of the carried through samples, 9-1, was chosen and sent to an outside lab to be
analyzed. Keystone Laboratories of Newton, Iowa, digested and analyzed sample 9-1 and
also analyzed a digest of the same soil after it was previously digested at Iowa State
University. Method SW-846 3010A was used for the soil digest at Keystone Laboratories.
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Table 8 shows a comparison of the results obtained at Iowa State University and Keystone
Laboratories for sample 9-1. The Iowa State value is an average of all the metal
concentrations determined through running the sample with each digest. The Keystone Labs
values correspond to the digest given to them and the soil they digested.
Table 8. Iowa State average metal values and Keystone Laboratory values for sample 9-1.
65.663.786.9Zn
28.0ND64.0Pb
18.016.123.7Ni
17.815.622.2Cu
17.53846.1Cr
5.84.712.9Co
NDND4.3Cd
----------------mg kg-1-----------------
soildigestaverage
Keystone LabsIowa State
Sample 9-1Metal
*ND means not detected at or above the reporting limit.
The values determined at Iowa State University were higher than the values obtained
at Keystone Laboratories. Keystone Laboratories also performed quality control measures
that were not performed at Iowa State University. The values obtained at Iowa State
University may be slightly higher, but are precise enough for the comparisons that are made
given the standard deviations for the three sampled that were carried through each digestion
(Table 7). 
Weighted mean values for the % OC, percent organic matter, heavy metal
concentrations, and pH were calculated for each site. The weighted means of each site were
calculated by taking into account the depth of each soil using the formula:
{(0-5 cm value)*5 + (5-10 cm value)*5 + (10-20 cm value)*10}/20
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The weighted mean % OC was used in a statistical analysis. The weighted means of
the organic matter content and pH were used for comparisons with the USDA (2000) values.
The weighted means of the heavy metal concentrations are presented spatially in Appendix F.
Statistical Analyses
SAS 9.1 (SAS Institute, Inc., 2005a) and JUMP 6.0 by SAS (SAS Institute, Inc.,
2005b) were used for the statistical analysis. The sampling scheme was treated as a split plot
design with time period serving as the whole plot factor and depth as the split plot factor. A
split plot code input into SAS 9.1 was used to determine significant differences in soil
property values between time periods, depth, and the interaction using an F-test. The Tukey-
Kramer multiple comparison method was used to determine all pair wise comparisons and
statistical significance of differences. JUMP 6.0 was used to determine correlations between
the soil properties. The pairwise correlations were determined using Pearson product-
moment correlations. JUMP 6.0 was also used to calculate an ANOVA to determine
significant differences in the weighted mean % organic carbon. F-tests, pairwise
comparisons, and correlations were considered significant if their p-values were less than
0.05.
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CHAPTER 4: RESULTS AND DISCUSSION
The bulk density, % OC, and heavy metal concentrations of the soil samples relate to
the three NRCS urban technical notes (2000). These three soil properties were examined
with respect to the time that has passed since soil disturbance, which is the time that has
passed since the soils were brought into the suburban landscape. The results for these
properties will be discussed first. The soil properties of pH, texture, and % IOC, which could
serve as covariates useful for correlations and discussions, will be discussed after the first
three properties. Then the significant relationships between all the soil properties will be
discussed.
Bulk Density
Bulk density values for the entire study area ranged from 0.68 to 1.88 g/cm3 with a
mean of 1.31 g/cm3 (Appendix A). Graphs of all soil property values, for each site organized
by time period of development, are presented in Appendix C.
The bulk density of each sample was compared to the NRCS Soil Quality Institute
(1999) bulk density values based on the texture of the sample. Twenty sites had bulk density
values high enough to affect root growth, according to the NRCS Soil Quality Institute
(1999) (Table 1). Sixteen of the 20 sites occurred in the three most recent time periods of
development (Table 9). All ten of the sites from the most recent time period of development
and five residential lots from time period 1991-2002 had at least one depth of soil with a bulk
density high enough to affect root growth. None of the sites had soil bulk density values high
enough to affect root growth at the 0-5 cm depth. All the soils with bulk density values high
enough to affect root growth were determined to have the texture loam or sandy loam.
Higher soil bulk densities at the deeper depths could be a problem for plant growth
depending on how deep the roots grow for the particular grass planted in the residential lot.
Home owners could aerate their yards to decrease the soil bulk density and possibly alleviate
any growth problems.
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Table 9. Sites with bulk density values that could affect root growth.
1.62Loam10-20Clarion-Urban511940-1955
1.61Loam10-20Nicollet-Urban781962-1967
1.88Loam5-10Webster-Urban89
1.74Loam10-20Nicollet-Urban44
1968-1974
1.71Loam10-20Clarion-Urban631983-1990
1.76Loam10-20
1.72Loam5-10
Clarion62
1.66Sandy loam10-20
1.65Sandy loam5-10
Nicollet58
1.65Loam10-20
1.70Loam5-10
Webster42
1.65Loam10-20Nicollet31
1.61Loam10-20Webster19
1991-2002
1.73Loam10-20
1.71Loam5-10
Canisteo90
1.77Loam5-10Nicollet60
1.75Loam10-20
1.84Loam5-10
Zenor59
1.68Loam10-20
1.64Sandy loam5-10
Nicollet43
1.67Sandy loam10-20
1.65Sandy loam5-10
Clarion27
1.71Loam10-20
1.65Loam5-10
Lester21
1.79Sandy loam10-20
1.78Sandy loam5-10
Webster20
1.72Loam10-20
1.77Loam5-10
Clarion18
1.66Loam10-20Clarion17
1.60Loam10-20
1.63Loam5-10
Webster6
2003-2005
Bulk Density
(g/cm3)Texture
Depth
(cm)Soil SeriesSite
Time Period of
Development
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Mean bulk density values at the 0-5, 5-10, and 10-20 cm depths, for the different time
periods are presented in Appendix D. These values ranged from 0.95 to 1.46 g/cm3 for depth
0-5 cm, 1.18 to 1.69 g/cm3 for depth 5-10 cm, and 1.23 to 1.70 g/cm3 for depth 10-20 cm
(Figure 22). Bulk density generally increased with depth.
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Figure 22. Mean bulk density values at the sampled depths for each time period.
Mean bulk density values averaged over the entire sampling depth (0-20 cm) of soil,
for each time period, are presented in Table 10. These values ranged from a Pre 1939 time
period value of 1.12 g/cm3 to 1.62 g/cm3 in the 2003-2005 time period. This indicates that
soils around homes in the recently developed suburban areas had higher bulk densities
compared to those in older developments. An F-test indicated that there were significant
differences in mean bulk density of soils between at least two time periods (Table 11).
Average bulk density values over the 20 cm depth for the Pre 1939, 1940-1955, and 1962-
1967 time periods were not statistically different (Figure 23). However, they were
significantly different from those in the following time periods: 1956-1961, 1968-1974,
1975-1982, 1983-1990, 1991-2002, and 2003-2005 (Appendix E). Soils around houses of
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the 1991-2002 and 2003-2005 time periods had significantly higher bulk densities than those
from earlier periods.
It was observed that the bulk density of soils at the three depths averaged over the
entire study period, increased in the order 0-5 cm < 5-10 cm <10-20 cm (Table 12). The F-
test indicated that the bulk densities of at least two depths were significantly different (Table
11). The bulk density values at all three depths were significantly different from each other
(Appendix E). The highest bulk density was obtained at the 10-20 cm depth and decreased to
the surface (Figure 24). The interaction between time period and depth was not significant
(Table 11).
Generally, soils of lawns at recently developed sites have higher bulk density values
than older lawns. However, the bulk density values for the middle time periods did not
change significantly (Figure 23). Time since construction and construction methods could be
the reason for the trend in bulk density between soils from the oldest and newest homes.
Equipment used to build homes in the Pre 1939 time period was not as large and heavy as
those of today. Also, lawns of homes built prior to 1939 have had a longer time to recover
from any compaction that may have occurred during construction.
The bulk density was positively correlated with the sand content of the soil (Table
13). Soils that have a higher proportion of sand typically have higher bulk densities.
However, the bulk density for some of the soils around homes exceeded values required for
optimal root growth. Most of these soils were found around homes built most recently which
indicates that compaction had occurred and/or topsoil was lost or removed. It is also possible
that more compacted subsoil was exposed at the surface.
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Table 11. F-test p-values for each soil property.
0.050.720.01Log Zn
0.490.800.008Zn
0.930.44<0.0001Log Pb
0.790.350.0002Pb
0.830.00080.57Ni
0.550.430.01Cu
0.360.870.05Cr
0.250.280.36Co
0.490.500.07Cd
<0.0001<0.0001<0.0001% Organic Carbon
0.07<0.0001<0.0001Bulk Density
Time Period*DepthDepthTimePeriod
EffectsSoil Properties
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*Columns with the same letters are not significantly different (p<0.05).
Figure 23. Distribution of bulk density as a function of time of development.
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Table 12. Mean values of soil properties over study period (Pre 1939-2005)
0.560.480.38Inorganic Carbon (%)
21.521.421.5Clay (%)
22.922.722.5Fine Silt (%)
18.719.321.4Coarse Silt (%)
36.936.634.5Sand (%)
7.97.77.5pH
159.0157.1177.5Zn (ppm)
55.258.552.9Pb (ppm)
22.221.020.1Ni (ppm)
17.117.417.4Cu (ppm)
38.138.037.7Cr (ppm)
12.111.911.7Co (ppm)
3.83.73.7Cd (ppm)
1.381.923.11Organic Carbon (%)
1.441.341.13Bulk Density (g/cm3)
10-20 cm5-10 cm0-5 cm
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*Columns with the same letters are not significantly different (p<0.05).
Figure 24. Distribution of mean bulk density of soils as a function of depth.
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Table 13. Correlation coefficients and p-values obtained using all 270 samples.
<0.0001-0.66inorganic carbonorganic carbon
<0.0001-0.53inorganic carbonclay
<0.00010.46organic carbonclay
0.75-0.02inorganic carbonfine silt
0.010.15organic carbonfine silt
<0.00010.47clayfine silt
<0.0001-0.36inorganic carboncoarse silt
<0.00010.51organic carboncoarse silt
<0.00010.28claycoarse silt
0.050.12fine siltcoarse silt
<0.00010.53inorganic carbonbulk density
<0.0001-0.83organic carbonbulk density
<0.0001-0.35claybulk density
0.0005-0.21fine siltbulk density
<0.0001-0.45coarse siltbulk density
<0.00010.64inorganic carbonpH
<0.0001-0.63organic carbonpH
<0.0001-0.46claypH
0.14-0.09fine siltpH
<0.0001-0.40coarse siltpH
<0.00010.59bulk densitypH
<0.00010.38inorganic carbonsand
<0.0001-0.48organic carbonsand
<0.0001-0.80claysand
<0.0001-0.79fine siltsand
<0.0001-0.57coarse siltsand
<0.00010.44bulk densitysand
<0.00010.40pHsand
p-valueCorrelationVariableVariable
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Organic Carbon
The % OC for the entire study area ranged from 0.01 to 8.41 % with a mean of 2.14
% (Appendix A). For the different depths in each study period, mean % OC of soils ranged
from 0.70 to 4.91 % at 0-5 cm, 0.39 to 3.18 % at 5-10 cm, and 0.37 to 2.38 % at 10-20 cm
(Appendix D, Figure 25).
The % OC values (averaged over the entire 20 cm depth for each time period) ranged
from 0.49 % in soils of the 2002-2005 time period to 3.49 % in Pre 1939 soils (Table 10). It
was observed that % OC decreased as time of development became more recent. The F-test
indicated that soils from least two time periods of development had significant differences in
mean % OC (Table 11).
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Figure 25. Mean % organic carbon at the sampled depths for each time period.
The % OC values for the sampled depths, averaged over the entire study period (Pre
1939-2005), indicated that % OC of soils decreased with an increase in depth (Table 12).
According to the F-test, there was a significant difference in mean % OC for at least two
depths (Table 11).
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There was a significant time period*depth interaction (Table 11). This significant
interaction indicated that the difference in % OC between two of the depths was different
from the differences between the two other depths. The 0-5 cm depth contained a
significantly higher amount of organic carbon than the other two depths and the difference in
% OC between the 5-10 and 10-20 cm depths is less than the difference between the 0-5 and
5-10 cm depths (Figure 25).
To compare the % OC in the soils of different time periods, the weighted mean OC in
the 20 cm depth was calculated for each time period and these means compared using
ANOVA. Results of the analysis are presented in Figure 26. Generally, soils in the older
developments (Pre 1939 and 1940-1955) had significantly higher % OC. These were
significantly higher in % OC in soils in the rest of the study sites. The lowest % OC occurred
in soils of the most recent time periods (1991-2002 and 2003-2005).
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Figure 26. Weighted mean % organic carbon over 0-20 cm for each time period.
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The organic matter content was determined from the % OC for each sample. The
weighted mean percent organic matter was calculated for each site and compared to the
organic matter content of the soil map unit originally described at each site by the USDA
(2000). Three sites had organic matter content greater than the USDA (2000) range while 46
sites contained less organic matter than the USDA range (Table 14).
Table 14. Comparison of determined organic matter and organic matter from original map unit.
463TOTAL
1002003-2005
801991-2002
411983-1990
701975-1982
511968-1974
601962-1967
401956-1961
111940-1955
10Pre 1939
# of Sites with Less Organic
Matter than USDA Data
# of Sites with More Organic
Matter than USDA Data
Time Period of
Development
All time periods of development had at least one site with organic matter content
lower than the USDA (2000) values. This indicates that soils from each time period most
likely experienced some degree of disturbance. The newest time periods of development had
a greater number of sites with less organic matter than the USDA (2000) values. The two
newest time periods of development are the only two time periods which have no soils
mapped as urban complexes. Within those two time periods there were 18 sites with lower
organic matter than the soil map unit described by the USDA (2000). Only two of the 18
sites were mapped as urban complexes, indicating the soils that have not been mapped as
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urban complexes have experienced disturbance since the USDA Soil Survey field sampling
(1993). There were some sites that had a greater amount of organic matter than the map unit
described by the USDA (2000). The owners of these homes may have provided external
inputs to the soil to increase the organic matter content or the organic matter may have
naturally accumulated in the soil.
Construction practices are the most likely cause for the loss in soil organic matter.
Soil was either removed or eroded during or after construction and the newer residential lots
have not had as much time to build up organic carbon as the older lots. Construction
practices have also changed. Newer construction equipment is more powerful and has the
ability to move more overburden in preparing the sites for construction. Homeowners who
are concerned about insufficient organic matter should make sure to return grass clippings to
the soil and ensure that all bare areas are covered.
Heavy Metal Concentrations
Cadmium
The Cd concentration in all sampled analyzed ranged from 1 to 7 mg kg-1 with a mean
of 4 mg kg-1 (Appendix A). Plots of these values by time period are shown in Appendix C.
The mean concentration of 4 mg kg-1 is higher than the 0.85 or 0.14 mg kg-1 found previously
in urban and suburban Des Moines soils, respectively (Table 3). The differences may be due
to the different digestion methods used. Keystone Laboratories did not find any detectable
Cd in the soil so there may have been differences in the digestion and analysis that caused
higher values in this study.
Mean Cd concentrations for each time period as a function of depth are shown in
Appendix D. These values ranged from 3.0 to 4.5 mg kg-1 at 0-5 cm, 3.0 to 4.8 mg kg-1 at 5-
10 cm, and 3.1 to 4.8 mg kg-1 at 10-20 cm (Figure 27). There was a decrease in
concentration of Cd from Pre 1939 to 1968-1974. This was followed by a sharp increase in
Cd from soils around homes built in 1983-1990 which was followed by another decrease.
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Figure 27. Mean Cd concentrations at the sampled depths for each time period.
Mean cadmium concentrations for each time period, averaged over the entire 0-20 cm
depth, are given in Table 10. These values do not appear to have any consistent pattern. The
mean Cd concentrations for the three depths averaged over the entire study period are shown
in Table 12 and the concentration of Cd slightly increases at depth 10-20 cm. There was no
significant difference in Cd concentrations between time periods, depths, or the time
period*depth interactions (Table 11). Cadmium concentrations in the soil are most likely the
result of background concentrations in parent material.
Chromium
The Cr concentration for all samples ranged from 21 to 56 mg kg-1 with a mean of 38
mg kg-1 (Appendix A). The range and mean values for Cr are well within the normal range
found in soils (Table 2). There appears to be no unusually high Cr levels in Ankeny.
Mean Cr concentrations for each time period as a function of depth are shown in
Appendix D. These values ranged from 34.3 to 44.2 mg kg-1 at 0-5 cm, 35.2 to 43.0 mg kg-1 
at 5-10 cm, and 34.4 to 42.7 mg kg-1 at 10-20 cm (Figure 28). It appeared that Cr
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concentrations generally decreased from Pre 1939 to 1974 but they spiked around the 1983-
1990 time period, as was observed with Cd.
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Figure 28. Mean Cr concentrations at the sampled depths for each time period.
The mean Cr concentrations for each time period, averaged over the entire 0-20 cm
depth, are shown in Table 10. These values do not appear to have a consistent trend. The F-
test indicated that at least two time periods of development had significantly different mean
Cr concentrations in soil (Table 11). However, none of the Tukey pairwise comparisons for
time periods indicated significant differences (Appendix E). The lowest Tukey p-value was
0.08 for time periods 1983-1990 and 2003-2005.
The mean Cr concentrations for the three depths averaged over the entire study period
are shown in Table 12 and the Cr concentration appears to increase with depth. The F-test
indicated that there were no significant differences in Cr concentrations between depths
(Table 11). The time period*depth interaction was also not significant (Table 11). The
concentrations of Cr in the soil are most likely the result of what was digested from primary
minerals in parent material.
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Cobalt
The Co concentration ranged from 6 to 27 mg kg-1 with a mean of 12 mg kg-1 
(Appendix A). The range and mean of Co values are within normal values for soil (Table 2).
Mean Co concentrations for each time period as a function of depth are shown in
Appendix D. These values ranged from 11.0 to 13.2 mg kg-1 at 0-5 cm, 11.0 to 14.4 mg kg-1 
at 5-10 cm, and 11.1 to 14.3 mg kg-1 at 10-20 cm (Figure 29). As with the two previously
discussed metals, there is a decreasing trend in Co from Pre 1939 to 1974, after which there
was a significant spike in Co from soil around homes built during 1983-1990.
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Figure 29. Mean Co concentrations at the sampled depths for each time period.
The mean Co concentrations for each time period averaged over the entire 0-20 cm
depth are shown in Table 10. The mean Co concentrations for the three depths, averaged
over the entire study period, are given in Table 12 and the Co concentration appears to
increase with depth. There were no significant differences in Co concentrations between
time periods, depths, or their interactions (Table 11). Again, Co in the soil is most likely
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inherited from the parent material. As with the other metals, there may be anthropogenic
inputs in soils around homes built from 1983-1990.
Copper
The Cu concentration for all sites ranged from 3 to 34 mg kg-1 with a mean of 17 mg
kg-1 (Appendix A). Plots of these values as a function of time period are shown in Appendix
C. The range and mean values are within the normal range for soils (Table 2). There does
not appear to be an unusually high level of Cu in the Ankeny soils that were sampled.
Mean Cu concentrations for each time period as a function of depth are shown in
Appendix D. These values ranged from 14.8 to 21.3 mg kg-1 at depth 0-5 cm, 15.1 to 21.1
mg kg-1 at depth 5-10 cm, and 14.9 to 19.9 mg kg-1 at depth 10-20 cm (Figure 30). The
distribution of Cu in soils of the different time periods is similar to the three previously
discussed metals with a gradual decline from Pre 1939 to 1974 and a sharp rise in Cu levels
in soils from houses built during 1983-1990.
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Figure 30. Mean Cu concentrations at the sampled depths for each time period.
The mean Cu concentrations for each time period, averaged over the entire 0-20 cm
depth, are shown in Table 10. These values ranged from a high of 20.8 mg kg-1 for the Pre
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1939 time period to a low of 14.9 mg kg-1 for time period 2003-2005. The F-test indicated
that there was a significant difference in Cu concentration for at least two time periods of
development (Table 11). Significant differences in Cu concentrations existed between soils
from homes built before 1939 and time periods 1991-2002 and 2003-2005 (Appendix E).
The oldest time period of development (Pre 1939) had the highest mean Cu concentration
while soils from the most recent developments, 1991-2002 and 2003-2005, had the lowest
(Figure 31). Most likely, the homes built during the earlier time periods are on roads that
have experienced traffic for a longer period of time. Copper from brake pad wear may have
been deposited on streets and washed into yards or deposited directly in the yards of these
homes.
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Figure 31. Mean Cu concentrations over 0-20 cm depth for each time period.
The mean Cu concentrations for the three depths, averaged over the entire study
period, are shown in Table 12 and the Cu concentration appears to decrease at 10-20 cm.
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This also indicates that there may have been an anthropogenic source of Cu in the surface
soil, however there were no significant differences in Cu concentrations for depth or the time
period*depth interaction (Table 11).
Lead
There was a wide range in the concentration of Pb in soils from all the sites (20 to 414
mg kg-1). The mean for all sites was 55 mg kg-1 (Appendix A). The distributions of Pb for all
sites as a function of time period are presented in Appendix C. The mean value for Pb fits
into the normal range for soil (Table 2). However, some homes did have concentrations of
Pb beyond the normal range in soils. The mean concentration of Pb in Ankeny is high
compared to the concentration of 13 mg kg-1 reported for suburban Des Moines soils (Table
3). Homeowners who may be concerned about a higher level of Pb in their soil should make
sure to grow grass on bare areas of their lawns in order to minimize exposure.
Mean Pb concentrations for each time period as a function of depth ranged from 40.0
to 85.8 mg kg-1 at 0-5 cm, 44.1 to 111.8 mg kg-1 at 5-10 cm, and 43.4 to 79.6 mg kg-1 at 10-
20 cm (Appendix D, Figure 32). It appears that even though there was a general decrease in
Pb content as time period of development became more recent, there was an increase in Pb
concentrations again in soil around homes built during 1983-1990 which may be due to a
source in the area where the homes were built.
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Figure 32. Mean Pb concentrations at the sampled depths for each time period.
The mean Pb concentrations at the three depths, averaged over the entire study
period, are shown in Table 12. The F-test indicated that there was no significant difference
between Pb at the different depths (Table 11). The time period*depth interaction was also
not significant (Table 11).
The mean Pb concentration appeared to decrease in soils around homes built most
recently (Table 10). The plot of residual versus predicted values suggested that the Pb
concentrations needed to be log transformed. The F-test performed on log transformed
values indicated a significant difference in Pb concentration between at least two of the time
periods of development (Table 11). There was a significant difference in soil Pb values
between the time period Pre 1939 and time periods 1956-1961, 1962-1967, 1968-1974, 1975-
1982, 1991-2002, and 2003-2005 (Appendix E). The general trend is that there is a
multiplicative decrease in Pb concentrations as time of development becomes more recent
(Figure 33). The oldest residential areas (Pre 1939) had the highest concentrations of Pb.
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Figure 33. Mean Pb concentration over the 0-20 cm depth for each time period.
These results indicate that there is an anthropogenic source of Pb. Most likely, the
homes built during the older time periods are on roads that have experienced traffic for a
longer period of time. These older roads are more likely to have had cars traveling on them
that used leaded gasoline. The older homes are also more likely to have been painted with
leaded paint.
Nickel
The Ni concentration for the entire study area ranged from 6 to 57 mg kg-1 with a
mean of 21 mg kg-1 (Appendix A). Appendix C shows graphs of these results. The mean
and range values for Ni concentrations appear to fit into normal values for soil (Table 2).
Mean Ni concentrations for the time periods studied ranged from 18.2 to 22.5 mg kg-1 
at 0-5 cm, 19.2 to 24.4 mg kg-1 at 5-10 cm, and 19.3 to 24.6 mg kg-1 at10-20 cm (Appendix
D, Figure 34). It appears that Ni concentrations were highest in soil around homes built
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during 1983-1990. This is consistent with the trends in the concentrations of other heavy
metals addressed previously.
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Figure 34. Mean Ni concentrations at the sampled depths for each time period.
When averaged over the entire 0-20 cm depth, there was no consistent trend in the Ni
concentration over the time of development (Table 10). Using an F-test, no significant
differences in Ni concentrations between the time periods of development were obtained
(Table 11).
The mean Ni concentrations for the three sampled depths, averaged over the entire
study period, are given in Table 12. The concentration of Ni appears to increase with depth.
The mean Ni concentrations for all the depths were significantly different from each other
(Appendix E). The amount of Ni present in the soil occurred in the order 0-5 cm < 5-10 cm
< 10-20 cm (Figure 35). Higher Ni concentrations deeper in the soil suggest the Ni
concentrations could be the result of background concentrations in parent material. Mixing
and weathering of parent material causes concentrations to decrease towards the surface.
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Figure 35. Mean Ni concentrations over entire study period for each depth.
Zinc
There was a wide range in concentrations of Zn. Zinc concentrations for the entire
study area ranged from 34 to 2,352 mg kg-1 with a mean of 165 mg kg-1 (Appendix A). The
mean Zn value is within the normal range for soils (Table 2). However, some soils had much
higher levels of Zn than are typical (Bowen, 1979; Lindsay, 1979).
Mean Zn concentrations for each time period ranged from 72.1 to 428.9 mg kg-1 at 0-
5 cm, 76.4 to 384.5 mg kg-1 at 5-10 cm, and 49.8 to 266.6 mg kg-1 at 10-20 cm (Appendix D,
Figure 36). As a function of time period, Zn concentrations decreased as time of
development became more recent up until 1968 and then sharply increased in 1975-1982.
This was followed by a sharp decrease in the most recent years of development.
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Figure 36. Mean Zn concentrations at the sampled depths for each time period.
The mean Zn concentrations for each time period, averaged over the entire 0-20 cm
depth, are given in Table 10. The plot of residual versus predicted Zn values suggested a log
transformation of the data. After the transformation, the F-test analysis indicated that at least
two time periods of development had significantly different Zn concentrations (Table 11).
There was a significant difference in mean Zn concentration between time periods 1975-1982
and 2003-2005 (Appendix E, Figure 37).
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Figure 37. Mean Zn concentrations over the 0-20 cm depth for each time period.
The mean Zn concentrations for the three depths averaged over the entire study
period are given in Table 12. The concentration of Zn did not appear to show any consistent
trend with depth and the F-test suggested that no significant differences in Zn concentration
with depth. The F-test did suggest there was a significant difference in at least two
interactions (Table 11). However, Tukey-Kramer pairwise comparisons showed no
significant differences in the interactions.
Zinc concentrations showed an unusual pattern of a decrease, a sharp increase, and
another decrease. The concentrations may suggest a different spatially related distribution.
Concentrations of Zn in soils from front yards of homes built during 1975-2002 may have a
source nearby that caused the sharp increase. The decrease in Zn concentrations from soil
around homes built from Pre 1939 to 1974 may be due to older homes being exposed to
traffic for a longer period of time. The source may Zn from tire wear because older homes
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have had more traffic than newer homes. The homes built during 1975-1982 may be located
on roads that receive a greater volume of traffic.
pH
The pH in the entire study area ranged from 5.4 to 8.5 with a mean of 7.7 (Appendix
B). Graphs of pH for each sample are given in Appendix C. Mean pH values for each time
period as a function of depth ranged from 6.9 to 8.0 at 0-5 cm, 7.0 to 8.1 at 5-10 cm, and 7.4
to 8.2 at 10-20 cm (Appendix D, Figure 38).
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Figure 38. Mean pH at the sampled depths for each time period.
Averaged over the total 20 cm depth for each time period, pH values ranged from 7.1
in Pre 1939 to 8.1 in the 2003-2005 time period (Table 10). These values indicate that there
was an increase in pH as time of development became more recent. The lower pH values in
the older time periods may be due to the establishment of trees which can cause soil acidity
because of less base cycling (Schaetzl and Anderson, 2005). Leaching of bases, as well as
the addition of ammonium N-fertilizers could also cause a significant decrease in surface pH.
The pH values for the three depths, averaged over the entire study period, are given in Table
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12 and pH increased with depth. The parent material for the soils in Ankeny is calcareous till
so an increase in pH with depth would be expected.
The weighted mean pH for each site was coupled with the pH of the original map unit
(USDA, 2000). Sixty-five of the 90 sites had pH values that were different than the original
soil map unit. All of these sites had pH values that were greater than the pH of the original
soil map unit (Table 15).
Table 15. Comparison between weighted mean of measured pH and USDA pH values.
065TOTAL
0102003-2005
0101991-2002
091983-1990
051975-1982
061968-1974
091962-1967
071956-1961
041940-1955
05Pre 1939
# of Sites with Lower pH
than USDA Data
# of Sites with Higher pH
than USDA Data
Time Period of
Development
Urban areas tend to have high soil pH values (Craul, 1992). This could be due to the
deposition of bases and other contaminants which are carried in runoff from impervious
surfaces (Halverson, 1982). However, if this was the reason for the higher pH values in this
study we would see higher pH values at the surface. All the sites in the two most recent time
periods of development had pH values that were higher than the USDA (2000) values. These
sites were disturbed most recently and topsoil may have been removed or eroded. Through
construction activities at these newer sites, subsoil with high pH from the calcareous till
parent material may be brought closer to the surface. The decrease of soil pH values in older
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time periods could indicate that as time since construction increased the soil process of
leaching, which was discussed previously, may have occurred.
Texture
Sand
The % sand content ranged from 9.2 to 69.5 % with a mean of 36.0 % for all sites
(Appendix B). The amount of sand for each sample is graphically presented by time period
in Appendix C. Mean % sand values for each time period for each depth are shown in
Appendix D. These values ranged from 29.8 to 48.5 % at 0-5 cm, 31.2 to 48.8 % at 5-10 cm,
and 31.9 to 47.5 % at 10-20 cm (Figure 39).
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Figure 39. Mean % sand at the sampled depths for each time period.
Mean % sand in the entire sampling depth of 0-20 cm ranged from a low of 31.0 % in
time period 1940-1955 to a high of 48.3 % in time period 2003-2005 (Table 10). Sand
values fluctuated and then increased during the last two time periods of development. The %
sand values for the three depths, averaged over the entire study period, are given in Table 12.
The % sand appeared to increase with depth.
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Coarse Silt
The % coarse silt for the entire study area ranged from 3.8 to 38.3 % with a mean of
19.79 % (Appendix B). Graphs of % coarse silt in each sample are shown in Appendix C.
Mean % coarse silt values for each time period as a function of depth are shown in Appendix
D. These values ranged from 17.6 to 23.7 % at 0-5 cm, 15.9 to 20.7 % at 5-10 cm, and 16.7
to 20.5 % at 10-20 cm (Figure 40).
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Figure 40. Mean % coarse silt at the sampled depths for each time period.
Mean % coarse silt values for each time period averaged over the entire sampling
depth of 0-20 cm are shown in Table 10. The mean % coarse silt values for the three depths
averaged over the entire study period are shown in Table 12. The mean % coarse silt
appeared to decrease as depth increased.
Fine Silt
The % fine silt ranged from 6.7 to 52.2 % with a mean of 22.7 % (Appendix B).
Graphs of % fine silt values for each sample are shown in Appendix C. Mean % fine silt
values for each time period as a function of depth are shown in Appendix D. These values
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ranged from 18.0 to 27.1 % at 0-5 cm, 17.7 to 26.5 % at 5-10 cm, and 16.7 to 20.5 % at 10-
20 cm (Figure 41).
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Figure 41. Mean % fine silt at the sampled depths for each time period.
The mean % fine silt values for each time period, averaged over the entire sampling
depth of 0-20 cm, are shown in Table 10. The values fluctuated but the more recent time
period of 2003-2005 had the lowest % fine silt. The mean % fine silt values for the three
depths, averaged over the entire study period of Pre 1939 to 2005, are shown in Table 12.
These values were extremely close to one another. However, they slightly increased as depth
increased.
Clay
The % clay ranged from 3.5 to 35.2 % with a mean of 21.5 % (Appendix B). Graphs
of % clay values for each sample are shown in Appendix C. The mean % clay values ranged
from 15.9 to 24.6 % at 0-5 cm, 15.8 to 24.6 % at 5-10 cm, and 16.3 to 24.9 % at 10-20 cm
(Appendix D, Figure 42).
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Figure 42. Mean % clay at the sampled depths for each time period.
The mean % clay values for each time period, averaged over the entire sampling
depth, are shown in Table 10. The lowest amount of clay, 16.1 %, occurred in the soils of
time period 2003-2005 and the highest value of 24.7 % was obtained in soils of the 1940-
1955 residential area. The mean % clay values for the three depths averaged over the entire
study period are shown in Table 12. The mean % clay calculated for the entire study period
did not show much variation with depth.
The Polk County soil survey determined textural classes for the soils sampled as part
of their map unit descriptions (USDA, 2000). Since our sampled depth did not directly
correspond to the USDA (2000) analysis depth, average particle sizes were calculated for
each site and a textural class was assigned. A comparison can be made between the soil
survey textural classes and the textural classes determined in this study. Forty-one of the 90
sites had a different textural class than the USDA (2000) textural class. The differences in
texture were reported as being either coarser or finer than the USDA textural class (Table
16).
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Table 16. Measured texture compared to USDA textures for sites with differences.
Coarsersilty clay loamloam90
Coarserloamsandy loam60
Finersandy loamloam59
Coarserloamsandy loam43
Coarserloamsandy loam27
Coarsersilty clay loamsandy loam20
Coarsersilty clay loamloam6
2003-2005
Coarserloamsandy loam58
Coarsersilty clay loamloam57
Coarsersilty clay loamloam42
Coarsersilty clay loamloam19
1991-2002
Coarserloamsandy loam32
Finerloamsilt loam30
Coarsersilty clay loamsilt loam28
Finerloamsilt loam24
Finerloamsilt loam23
Finersilty clay loamclay loam8
1983-1990
Coarsersilty clay loamsilt loam35
Coarsersilty clay loamsilt loam34
Coarsersilty clay loamsilt loam33
Coarsersilty clay loamsandy loam5
1975-1982
Coarsersilty clay loamloam89
Coarsersilty clay loamloam55
Coarsersilty clay loamloam54
Coarsersilty clay loamloam47
Coarsersilty clay loamloam40
Finerloamsilty clay loam9
Coarsersilty clay loamsilt loam4
1968-1974
Coarsersilty clay loamloam84
Coarsersilty clay loamloam46
Coarsersilty clay loamloam2
1962-1967
Coarsersilty clay loamloam86
Coarsersilty clay loamloam85
Coarsersilty clay loamloam83
Coarsersilty clay loamsilt loam74
1956-1961
Coarsersilty clay loamloam81
Finerloamclay loam11
1940-1955
Coarsersilty clay loamloam82
Coarsersilty clay loamloam75
Finerloamsilt loam15
Finerloamclay loam13
Pre 1939
Measured Texture Compared
to USDA TextureUSDA TextureMeasured TextureSite
Time Period of
Development
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Generally, the determined textural classes are coarser than the USDA (2000) textural
classes. This may be due to the preference for coarser fill material used around homes during
construction or finer particles may have been washed away. Nine of the sites had a finer
texture than the USDA (2000) texture. Finer particles may have been deposited in yards due
to changes in surface hydrology. Variations from the accepted USDA textural classes
occurred in soil from each time period. This indicates that anthropogenic influences most
likely occurred throughout all time periods of development either through fill material,
erosion, or deposition due to human modified surface hydrology.
Inorganic Carbon
The % IOC ranged from 0-1.71 % with a mean of 0.47 % (Appendix B). Graphs of
% IOC for each site by time period are shown in Appendix C. The mean % IOC values
ranged from 0.08 to 0.93 % at 0-5 cm, 0.11 to 0.99 % at 5-10 cm, and 0.13 to 0.94 % at 10-
20 cm (Appendix D, Figure 43).
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Figure 43. Mean % inorganic carbon at the sampled depths for each time period.
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The mean % IOC values for each time period, averaged over the entire sampling
depth, are shown in Table 10. The lowest % IOC, 0.11 %, occurred in the soils of time
period 1940-1955 and the highest value of 0.95 % was obtained in soils adjacent to homes
built during 2003-2005. The mean % IOC values for the three depths averaged over the
entire study period are shown in Table 12. The mean % IOC calculated for the entire study
period increased with depth. The increase in % IOC with depth is expected due to the
calcareous till parent material.
Relationships between Soil Properties
Organic Carbon
There were significant positive correlations between % OC and Cr, Cu, and Pb (Table
17). Copper and Pb form organic complexes; therefore, soils with higher organic matter
content have the potential to bind more Pb and Cu. Organic matter can reduce Cr, especially
in acidic soils (Alloway, 1995). This process renders it immobile and it can be bound and
accumulate in soil. There was a significant negative correlation between % OC and Ni.
Only a small portion of Ni in soils occurs in the organic fraction (Hickey and Kittrick, 1984).
Organic carbon and clay had a significant positive correlation while organic carbon
and sand were negatively correlated (Table 13). Typically, organic matter and % clay are
correlated in soil so organic carbon and % clay should also be positively correlated. The
soils around the older homes had a greater amount of organic matter than those around newer
homes. Organic matter leads to better soil structure and a lower bulk density.
Heavy Metals
All the heavy metal concentrations were correlated with one another except zinc.
This indicates that there is a similar source for the heavy metals which could be parent
material. The anthropogenic input is most likely too small to recognize with correlations,
however, the analysis using time as a factor indicates Cu and Pb may have had anthropogenic
inputs.
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Table 17. Correlation matrix and p-values of heavy metal correlations (n=270).
0.84-0.01ZnPb<0.00010.48Cuclay
0.050.12ZnNi<0.00010.46Crclay
<0.00010.34PbNi<0.00010.24Coclay
0.070.11ZnCu0.030.13Cdclay
<0.00010.51PbCu0.030.13Znfine silt
<0.00010.67NiCu0.150.09Pbfine silt
0.520.04ZnCr<0.00010.29Nifine silt
<0.00010.34PbCr<0.00010.46Cufine silt
<0.00010.59NiCr<0.00010.42Crfine silt
<0.00010.66CuCr<0.00010.33Cofine silt
0.710.02ZnCo<0.00010.23Cdfine silt
<0.00010.37PbCo0.24-0.07Zncoarse silt
<0.00010.79NiCo0.320.06Pbcoarse silt
<0.00010.65CuCo0.130.09Nicoarse silt
<0.00010.69CrCo<0.00010.34Cucoarse silt
0.220.08ZnCd<0.00010.30Crcoarse silt
<0.00010.43PbCd0.0010.20Cocoarse silt
<0.00010.77NiCd0.060.11Cdcoarse silt
<0.00010.66CuCd0.80-0.02Znsand
<0.00010.65CrCd0.01-0.15Pbsand
<0.00010.81CoCd0.0002-0.23Nisand
p-valueCorrelation CoefficientVariableVariable<0.0001-0.59Cusand
0.530.04Zninorganic carbon<0.0001-0.54Crsand
0.09-0.10Pbinorganic carbon<0.0001-0.36Cosand
0.0020.19Niinorganic carbon0.0002-0.23Cdsand
<0.0001-0.24Cuinorganic carbon0.970.003Znorganic carbon
<0.0001-0.23Crinorganic carbon0.0020.19Pborganic carbon
0.330.06Coinorganic carbon0.03-0.13Niorganic carbon
0.120.10Cdinorganic carbon<0.00010.34Cuorganic carbon
0.320.06ZnpH0.010.15Crorganic carbon
0.15-0.09PbpH0.34-0.06Coorganic carbon
0.020.14NipH0.86-0.01Cdorganic carbon
<0.0001-0.24CupH0.28-0.07Znbulk density
<0.0001-0.30CrpH0.02-0.14Pbbulk density
0.52-0.04CopH0.94-0.005Nibulk density
0.10-0.10CdpH<0.0001-0.37Cubulk density
0.31-0.06Znclay0.0002-0.22Crbulk density
0.0030.18Pbclay0.18-0.08Cobulk density
0.200.08Niclay0.04-0.12Cdbulk density
p-valueCorrelation CoefficientVariableVariablep-valueCorrelation CoefficientVariableVariable
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pH
The correlations between the pH of all 270 samples and Cr, and Cu concentrations
were negative and they were significant. Nickel was significantly and positively correlated
with pH (Table 17). The relationship between Ni and pH was expected because soil pH
increased with depth and Ni significantly increased with depth. The lower surface pH may
cause Ni to be soluble and move downward. When the Ni reaches the high pH subsoil it may
become immobilized. The heavy metal analysis was performed on total Ni so the increase of
Ni with depth could also be the result concentrations in parent material.
The negative correlation of Cr and Cu with pH indicated that as pH decreased, the
concentrations of Cr, and Cu increased. Low pH causes these metals to become more soluble
and mobile, yet they were positively correlated with low pH values. Organic carbon and pH
were significantly negatively correlated, indicating that pH decreased as organic matter in the
soil increased. Concentrations of Cu were highest in the oldest time period of development
and this soil also had the lowest pH and highest organic carbon. This indicated that organic
matter may be the dominating factor in determining Cu concentrations in the soil. Also,
since Cu was significantly different between time periods, there could be a high
anthropogenic input of Cu to the soil where the lowest pH occurred. Acidic conditions
promote the immobilization of Cr so it may have accumulated in soils with the lowest pH
(Alloway, 1995).
Texture
Cadmium, Co, Cr, Cu, Ni, and Pb were significantly negatively correlated with %
sand (Table 17). Cobalt, Cr, and Cu were significantly positively correlated with % coarse
silt and fine silt (Table 17). Cadmium, Ni, and Zn are all significantly positively correlated
with % fine silt (Table 17). Cadmium, Co, Cr, Cu, and Pb were all significantly positively
correlated with % clay. The silt and clay fractions were significantly positively correlated
with all of the heavy metals while six of the seven metals were negatively correlated with
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sand. These results indicate that the finer fractions are reacting with the metals. The fine
fractions have more surface area to which the cation forms of the metals can be held. The
oldest time period had the highest concentrations of Pb and Cu. It also had the one of the
highest amounts of clay. The clay could be acting with the organic matter and anthropogenic
inputs to cause the oldest time period to have the highest concentrations of Cu and Pb.
Inorganic Carbon
The % IOC was significantly and negatively correlated with % OC (Table 13). This
indicates that soils with high % OC (soils adjacent to older homes) have low % IOC while
soil adjacent to recently built homes have a high % IOC. Older homes may have built up
organic carbon and “buried” the calcareous parent material that was exposed during
construction.
The % IOC was also negatively correlated with Cr, Cu, and Pb (Table 17). These are
the same metals that were positively correlated with % OC. These metals are most likely
bound by organic matter. Nickel was significantly positively correlated with % IOC (Table
17). This makes sense because the relationship of Ni with depth was already established.
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CHAPTER 5: CONCLUSIONS
General Conclusions
The purpose of this study was to assess human impacts on the soil properties of bulk
density, % OC, and heavy metal concentrations in Ankeny, IA, with respect to the time that
has passed since the soils were disturbed or brought into the suburban landscape. It was
observed that these dynamic soil properties varied based on the time that passed since
disturbance. It was also observed that concentrations of Cu, Pb, and Zn in the soils varied
based on the time that passed since disturbance.
Generally, soils may have rebounded from construction activities and initial
disturbance in Ankeny, IA. The hypothesis that soil in the front yards of older homes would
have more organic carbon and lower bulk densities was correct. Soil from the oldest time
periods of development had the highest % OC and lowest bulk densities while the soil
adjacent to newly built homes had low % OC and higher bulk density values. It could be that
less organic matter was removed or eroded during past construction activities, or that organic
matter is accumulating as the soils develop after disturbance. A decrease in bulk density
occurred with the increase in organic carbon (organic matter) in the soil from the older
residential neighborhoods. As expected, the % OC decreased with depth and bulk density
increased.
Bulk density and % sand were positively correlated with one another. The increase in
bulk density observed in the two most recent time periods of development is due to the sand
content but it could also be due to compaction during construction. The high sand content in
these soils may be the result of parent material, fill material, or erosion of fine particles that
may have occurred during construction. Sites from the two most recent time periods of
development had overwhelmingly more soil with bulk density values high enough to affect
root growth, taking into account the texture. The majority of residential lots had coarser
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textures than the USDA (2000) values, indicating again that erosion during construction,
disturbance, or filling may have occurred.
The differences in concentrations of Pb, Cu, and Zn from soils in residential lots
developed during different time periods could be the result of anthropogenic inputs. The
oldest residential lots had the soil with the highest concentrations of Pb and Cu. Leaded
gasoline and brake pad wear are the two most likely anthropogenic sources for these metals.
The higher concentrations of these metals could also be due to the higher organic matter
present in the older soils. The sources of Zn in some of the soils are most likely tires or
galvanized gutters. Cadmium, Cr, Co, Cu, Pb, and Ni concentrations appeared to spike in
soil adjacent to homes built from 1983-1990. There may be a source for metals in the area or
a difference in fill material and this may require further investigation.
The older homes did not have the highest concentrations of all the metals in Ankeny.
Generally, the heavy metal concentrations were within the normal ranges for soil. All the
metals were positively correlated with one anther except Zn, which indicates a common
source for all the heavy metals except Zn. The concentration of Ni in the Ankeny soils was
found to significantly increase with depth. Other metals increased with depth but the
differences in concentrations at the sampled depths were not significant. The increase in
metal concentrations with depth indicates that they are most likely due to background
concentrations in parent material.
Research Recommendations
Further research could be done in Ankeny to study the spatial distribution of heavy
metal concentrations (Appendix F). Analyzing spatial relationships may help to address the
significant increases in metal concentrations in soil adjacent to homes built during the 1983-
1990 time period. This could be related or linked to the John Deere plant, the old
ammunition plant, highway 35, or the railroad.
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There are functions in ArcMap that could be used to analyze the weighted means of
each soil property value for each site. Kriging could be used to get a general idea of where
the highest heavy metal concentrations occurred. The weighted mean center function would
give a general direction to where the highest values for a specific soil property were located
in Ankeny.
Detailed data on soil morphology would help in the assessment of whether or not
pedogenesis occurred after soil disturbance from construction. Deeper cores could be taken
from the same yards to determine the degree of horizon disturbance, similarities to the
mapped soil series, and pedon quality. This may provide insights to determine whether
foreign fill material was used, or if original soil was disturbed and replaced, and to what
degree disturbance occurred. A NRCS soil quality kit could be used to obtain information
about for each site in order to assess the soil quality around homes built during different time
periods.
A study of dynamic soil properties could be expanded in Iowa. A longitudinal study
could be conducted to see how these soil properties change with time in particular locations.
Soil properties could be analyzed from towns and cities with varying populations to see how
the soil properties differ between rural, suburban, and urban areas in Iowa. The data
collected could be compared to the results obtained in this study. Different land uses in Iowa
could be studied with regards to changes in soil properties for parks, residential areas,
commercial areas, and even native prairies in Iowa. Heavy metals concentrations in
particular could be studied from a native prairie on the Des Moines Lobe to get an idea of
background concentrations in parent material to compare to values in this study. Another
digestion method or a sequential extraction method could be used to determine the degree to
which heavy metal concentrations vary in the different soil fractions.
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APPENDIX A. SOIL PROPERTY VALUES BY SAMPLE
Bulk
Density
Organic
Carbon Cd Co Cr Cu Ni Pb ZnSample ID Time Period
g/cm3 % ---------------------------------mg kg -1----------------------------------
1-1 1968-1974 0.87 3.91 3 12 27 17 22 35 107
1-2 1968-1974 1.13 1.93 3 12 38 16 24 44 68
1-3 1968-1974 1.36 0.19 4 12 37 16 26 38 50
2-1 1962-1967 1.01 4.36 3 9 29 18 18 37 85
2-2 1962-1967 1.18 2.93 4 11 38 18 21 42 81
2-3 1962-1967 1.29 1.58 3 10 30 16 18 36 63
3-1 Pre 1939 0.68 8.41 4 13 38 24 29 80 229
3-2 Pre 1939 1.00 3.15 5 13 38 24 28 130 385
3-3 Pre 1939 1.19 3.03 5 13 38 23 31 92 213
4-1 1968-1974 0.68 6.03 3 9 35 20 19 41 180
4-2 1968-1974 0.99 4.13 3 10 44 21 21 50 285
4-3 1968-1974 1.23 2.22 3 10 38 20 20 39 96
5-1 1975-1982 0.94 2.19 3 9 22 10 16 29 48
5-2 1975-1982 1.09 0.93 2 8 24 10 15 28 38
5-3 1975-1982 1.34 0.13 2 7 26 9 18 30 34
6-1 2003-2005 1.30 1.56 3 11 38 15 22 50 51
6-2 2003-2005 1.63 0.24 3 9 34 14 20 38 47
6-3 2003-2005 1.60 1.32 3 9 35 15 18 33 49
7-1 1991-2002 1.12 1.83 4 11 35 14 20 43 84
7-2 1991-2002 1.50 0.55 4 10 32 12 19 33 191
7-3 1991-2002 1.59 0.46 4 11 34 13 21 37 72
8-1 1983-1990 0.94 3.86 4 12 41 16 19 80 246
8-2 1983-1990 1.38 1.81 5 13 41 16 21 70 58
8-3 1983-1990 1.38 0.90 5 14 39 17 27 47 71
9-1 1968-1974 1.10 3.45 5 13 38 22 22 54 108
9-2 1968-1974 1.23 2.95 5 13 42 22 22 49 76
9-3 1968-1974 1.19 2.86 5 13 43 23 23 47 86
10-1 1991-2002 0.96 5.16 4 10 34 15 19 37 100
10-2 1991-2002 1.45 1.15 5 11 32 14 20 49 49
10-3 1991-2002 1.47 0.29 5 14 40 16 24 61 53
11-1 1940-1955 0.99 4.06 6 15 49 21 23 71 97
11-2 1940-1955 1.16 3.32 6 16 49 20 22 70 81
11-3 1940-1955 1.33 2.10 6 17 48 19 24 71 79
12-1 1940-1955 0.95 4.08 6 13 45 23 23 85 131
12-2 1940-1955 1.10 2.66 6 15 53 34 26 91 151
12-3 1940-1955 1.24 2.14 6 15 46 33 26 304 130
13-1 Pre 1939 0.90 4.53 5 11 48 19 18 64 96
13-2 Pre 1939 1.03 3.10 5 11 46 19 19 61 88
13-3 Pre 1939 1.12 2.35 6 15 42 19 25 57 80
14-1 Pre 1939 0.82 4.94 6 14 51 20 24 77 128
14-2 Pre 1939 1.11 2.55 5 14 46 20 26 61 117
14-3 Pre 1939 1.25 1.69 5 15 41 20 29 56 85
15-1 Pre 1939 0.92 5.27 5 11 38 21 20 62 116
15-2 Pre 1939 1.09 3.30 6 14 45 21 22 83 120
15-3 Pre 1939 1.10 2.23 6 15 46 19 23 75 90
16-1 Pre 1939 0.90 4.86 6 14 45 26 23 88 172
16-2 Pre 1939 1.31 3.48 6 14 42 25 25 74 163
16-3 Pre 1939 1.09 2.34 6 17 49 24 27 75 148
17-1 2003-2005 1.35 1.11 5 27 39 19 25 49 76
17-2 2003-2005 1.54 0.45 5 13 39 16 23 50 52
17-3 2003-2005 1.66 0.31 6 15 44 18 28 59 93
18-1 2003-2005 1.38 1.49 6 16 44 21 26 63 64
18-2 2003-2005 1.77 0.42 5 13 38 17 24 48 59
18-3 2003-2005 1.72 0.36 5 13 38 17 29 48 53
19-1 1991-2002 1.52 1.04 6 16 51 19 27 63 65
19-2 1991-2002 1.58 0.70 6 14 44 19 24 63 82
19-3 1991-2002 1.61 0.73 5 14 43 23 29 52 105
20-1 2003-2005 1.46 0.24 4 11 31 18 18 41 54
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Bulk
Density
Organic
Carbon Cd Co Cr Cu Ni Pb ZnSample ID Time Period
g/cm3 % ---------------------------mg kg -1--------------------------------
20-2 2003-2005 1.78 0.53 4 11 36 13 19 43 73
20-3 2003-2005 1.79 0.07 4 11 33 12 19 41 38
21-1 2003-2005 1.49 0.29 5 14 41 19 24 56 56
21-2 2003-2005 1.65 0.03 5 15 38 24 24 54 61
21-3 2003-2005 1.71 0.01 7 15 42 21 57 62 63
22-1 1983-1990 1.07 2.34 6 16 45 20 26 64 67
22-2 1983-1990 1.44 1.13 6 16 46 19 28 66 60
22-3 1983-1990 1.51 0.49 6 16 45 19 28 67 60
23-1 1983-1990 1.11 3.36 6 16 48 20 25 71 70
23-2 1983-1990 1.20 1.98 6 18 51 22 29 74 74
23-3 1983-1990 1.39 1.22 6 18 52 23 28 73 75
24-1 1983-1990 1.05 3.78 5 15 45 19 23 65 59
24-2 1983-1990 1.19 2.68 6 18 48 19 25 72 63
24-3 1983-1990 1.38 1.98 6 17 48 18 24 71 63
25-1 1983-1990 1.02 3.42 5 15 45 20 25 61 62
25-2 1983-1990 1.27 1.74 6 16 50 22 28 65 64
25-3 1983-1990 1.48 1.05 7 19 56 23 32 80 69
26-1 1991-2002 1.10 2.27 5 16 44 18 24 60 65
26-2 1991-2002 1.36 0.84 5 14 41 18 25 56 57
26-3 1991-2002 1.54 0.69 5 14 40 18 25 55 57
27-1 2003-2005 1.50 0.34 5 13 32 15 22 48 40
27-2 2003-2005 1.65 0.21 5 12 37 14 21 49 42
27-3 2003-2005 1.67 0.18 4 12 31 13 20 42 38
28-1 1983-1990 1.03 2.00 6 17 48 25 33 67 71
28-2 1983-1990 1.27 0.85 7 21 55 26 37 79 75
28-3 1983-1990 1.42 0.85 6 18 51 24 33 70 70
29-1 1991-2002 1.15 2.24 5 14 42 18 26 58 442
29-2 1991-2002 1.31 1.47 6 15 48 20 26 59 360
29-3 1991-2002 1.46 1.44 5 13 44 19 26 54 860
30-1 1983-1990 0.98 2.35 5 13 39 18 25 52 1352
30-2 1983-1990 1.41 1.46 4 12 39 19 24 50 521
30-3 1983-1990 1.41 0.97 4 13 38 20 26 42 302
31-1 1991-2002 1.33 1.35 4 11 29 15 23 32 65
31-2 1991-2002 1.53 0.51 4 12 39 17 24 48 975
31-3 1991-2002 1.65 0.31 4 11 39 17 24 46 1153
32-1 1983-1990 1.13 2.80 3 8 21 12 17 24 1618
32-2 1983-1990 1.33 0.59 3 8 23 11 17 24 277
32-3 1983-1990 1.55 0.28 3 8 26 10 16 28 1007
33-1 1975-1982 1.12 2.91 4 14 40 22 26 43 257
33-2 1975-1982 1.43 0.90 4 13 35 20 28 40 720
33-3 1975-1982 1.41 1.53 5 15 47 21 28 51 570
34-1 1975-1982 0.95 3.15 5 19 54 23 28 60 443
34-2 1975-1982 1.15 2.35 5 18 53 23 31 68 1052
34-3 1975-1982 1.26 2.36 4 14 51 21 25 44 410
35-1 1975-1982 1.05 2.69 4 12 42 21 23 44 772
35-2 1975-1982 1.23 1.41 4 12 37 20 22 36 1556
35-3 1975-1982 1.35 1.23 5 12 44 21 24 51 496
36-1 1975-1982 1.04 3.20 4 13 36 22 26 37 81
36-2 1975-1982 1.28 1.30 4 16 41 23 32 44 206
36-3 1975-1982 1.46 0.87 4 14 41 23 29 42 555
37-1 1975-1982 1.13 2.80 4 12 41 18 22 50 2352
37-2 1975-1982 1.20 1.96 4 11 37 16 20 37 55
37-3 1975-1982 1.47 1.14 4 12 41 17 23 49 52
38-1 1975-1982 1.11 4.05 4 12 39 19 23 37 159
38-2 1975-1982 1.27 1.70 4 12 39 19 25 41 59
38-3 1975-1982 1.56 0.62 4 12 37 18 28 45 741
39-1 1962-1967 1.07 2.95 4 11 38 18 22 37 135
39-2 1962-1967 1.23 1.45 4 12 38 17 23 40 234
39-3 1962-1967 1.39 1.34 4 12 41 17 24 50 312
40-1 1968-1974 1.11 3.24 4 11 37 18 22 57 81
40-2 1968-1974 1.31 2.00 3 9 30 8 12 42 78
40-3 1968-1974 1.49 1.96 3 8 31 7 10 34 70
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Bulk
Density
Organic
Carbon Cd Co Cr Cu Ni Pb ZnSample ID Time Period
g/cm3 % -------------------------------mg kg -1-----------------------------------
41-1 1975-1982 1.16 2.38 3 9 34 12 12 34 57
41-2 1975-1982 1.37 1.00 2 11 35 11 15 37 52
41-3 1975-1982 1.56 0.40 3 9 32 8 13 29 43
42-1 1991-2002 1.52 1.14 3 9 36 13 13 35 58
42-2 1991-2002 1.70 0.24 3 10 33 12 12 30 54
42-3 1991-2002 1.65 0.71 2 10 33 13 13 33 60
43-1 2003-2005 1.53 0.81 4 6 25 3 6 20 46
43-2 2003-2005 1.64 0.61 2 10 33 14 19 31 42
43-3 2003-2005 1.68 0.54 2 10 30 13 18 29 40
44-1 1968-1974 1.26 3.14 2 10 33 16 17 27 52
44-2 1968-1974 1.52 2.29 2 11 37 15 21 42 51
44-3 1968-1974 1.74 1.27 2 11 37 15 19 37 48
45-1 1962-1967 0.94 4.07 2 11 38 18 19 42 70
45-2 1962-1967 1.14 2.55 2 11 35 18 18 32 65
45-3 1962-1967 1.39 1.30 2 11 36 16 20 33 56
46-1 1962-1967 1.42 2.26 2 10 39 16 19 40 58
46-2 1962-1967 1.26 1.96 2 12 36 16 24 33 63
46-3 1962-1967 1.20 1.40 2 12 30 16 20 31 53
47-1 1968-1974 1.07 3.56 2 10 32 16 16 25 59
47-2 1968-1974 1.34 2.13 3 12 44 17 19 43 61
47-3 1968-1974 1.39 1.75 2 12 46 16 19 37 54
48-1 1962-1967 1.21 2.95 1 9 34 15 14 23 54
48-2 1962-1967 1.28 1.95 1 9 36 16 15 26 54
48-3 1962-1967 1.52 0.75 3 12 40 16 28 38 54
49-1 1962-1967 0.93 4.51 2 11 42 17 19 42 66
49-2 1962-1967 1.18 2.60 2 10 35 16 16 31 58
49-3 1962-1967 1.41 1.55 2 9 32 14 16 34 46
50-1 1940-1955 1.07 3.86 2 10 41 15 16 51 67
50-2 1940-1955 1.33 1.86 3 11 42 14 18 56 51
50-3 1940-1955 1.36 1.63 4 13 41 15 21 71 57
51-1 1940-1955 1.25 3.10 3 11 37 16 18 57 56
51-2 1940-1955 1.51 2.21 3 12 40 17 19 58 61
51-3 1940-1955 1.62 2.44 4 16 42 17 24 66 58
52-1 1962-1967 1.19 2.87 3 12 39 20 18 55 68
52-2 1962-1967 1.19 2.42 3 12 37 19 19 52 69
52-3 1962-1967 1.37 2.19 3 13 42 20 22 61 79
53-1 1968-1974 1.19 3.78 4 12 43 19 21 72 76
53-2 1968-1974 1.35 2.06 3 12 44 17 20 68 67
53-3 1968-1974 1.48 0.65 3 11 37 17 19 51 53
54-1 1968-1974 1.09 3.05 3 12 36 17 17 50 82
54-2 1968-1974 1.33 1.86 3 11 38 15 19 51 60
54-3 1968-1974 1.46 0.74 3 12 36 15 19 52 48
55-1 1968-1974 1.09 3.22 3 11 35 16 16 46 82
55-2 1968-1974 1.30 2.27 3 11 37 15 19 47 51
55-3 1968-1974 1.45 1.39 3 12 43 16 21 65 49
56-1 1962-1967 1.06 3.69 3 10 41 16 16 55 57
56-2 1962-1967 1.27 2.52 3 11 36 16 17 49 55
56-3 1962-1967 1.27 2.02 3 11 35 15 15 46 50
57-1 1991-2002 1.26 1.75 2 9 31 13 16 41 115
57-2 1991-2002 1.35 1.21 3 12 38 14 19 55 105
57-3 1991-2002 1.54 1.03 2 10 33 14 17 43 42
58-1 1991-2002 1.34 1.20 2 9 29 11 15 41 42
58-2 1991-2002 1.65 0.57 2 9 28 11 14 40 96
58-3 1991-2002 1.66 0.36 3 9 32 11 15 46 167
59-1 2003-2005 1.55 0.26 3 11 35 13 19 51 42
59-2 2003-2005 1.84 0.10 2 10 31 13 18 43 191
59-3 2003-2005 1.75 0.01 2 10 31 14 19 45 41
60-1 2003-2005 1.62 0.22 2 9 28 10 15 42 241
60-2 2003-2005 1.77 0.77 2 9 34 12 16 44 681
60-3 2003-2005 1.74 0.45 2 9 30 12 18 41 37
61-1 1983-1990 1.09 3.19 2 10 33 14 15 42 152
61-2 1983-1990 1.31 2.25 3 11 41 15 17 56 46
61-3 1983-1990 1.48 1.67 3 11 39 14 16 59 65
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Bulk
Density
Organic
Carbon Cd Co Cr Cu Ni Pb ZnSample ID Time Period
g/cm3 % ----------------------------------mg kg -1---------------------------------
62-1 1991-2002 1.43 1.35 2 11 32 12 18 46 52
62-2 1991-2002 1.72 0.70 2 9 32 14 18 40 62
62-3 1991-2002 1.76 0.88 2 8 29 13 15 33 97
63-1 1983-1990 1.21 2.75 2 10 35 13 17 39 469
63-2 1983-1990 1.50 1.04 2 11 36 13 18 36 189
63-3 1983-1990 1.71 1.22 2 9 33 13 16 32 320
64-1 1975-1982 1.05 3.50 2 8 37 14 13 35 63
64-2 1975-1982 1.27 2.35 3 11 39 15 16 61 55
64-3 1975-1982 1.59 1.55 2 10 42 14 16 57 60
65-1 1956-1961 1.13 3.72 1 8 34 17 14 36 67
65-2 1956-1961 1.30 2.55 1 9 24 16 14 31 58
65-3 1956-1961 1.53 1.53 2 9 34 16 16 37 51
66-1 1956-1961 1.10 4.16 2 9 31 17 15 47 72
66-2 1956-1961 1.29 2.81 2 9 24 16 16 41 63
66-3 1956-1961 1.56 1.71 2 9 23 15 17 36 65
67-1 Pre 1939 1.04 4.43 2 10 55 18 16 80 157
67-2 Pre 1939 1.17 3.25 2 10 44 16 15 63 114
67-3 Pre 1939 1.27 2.60 2 8 34 15 12 38 232
68-1 1940-1955 1.02 4.57 2 10 30 15 14 42 67
68-2 1940-1955 1.11 3.15 1 8 29 14 13 30 56
68-3 1940-1955 1.14 2.65 2 9 36 15 15 40 210
69-1 Pre 1939 1.07 3.90 5 12 46 19 20 62 100
69-2 Pre 1939 1.27 3.10 2 10 27 15 14 47 77
69-3 Pre 1939 1.34 1.98 2 8 27 15 13 65 64
70-1 1940-1955 1.15 4.73 2 9 38 15 15 42 63
70-2 1940-1955 1.33 4.02 2 10 39 15 14 40 62
70-3 1940-1955 1.55 2.72 3 11 28 16 16 38 314
71-1 1940-1955 0.98 4.42 3 10 30 19 16 44 76
71-2 1940-1955 1.18 2.78 3 10 39 20 21 39 80
71-3 1940-1955 1.35 1.91 3 9 36 20 18 29 504
72-1 1940-1955 1.12 4.29 4 11 33 19 18 55 323
72-2 1940-1955 1.28 3.04 3 10 25 18 17 42 85
72-3 1940-1955 1.32 2.54 4 10 45 19 19 58 103
73-1 Pre 1939 1.10 3.92 4 11 43 21 19 87 161
73-2 Pre 1939 1.11 3.99 4 11 36 24 18 72 621
73-3 Pre 1939 1.20 3.53 4 10 32 19 16 60 137
74-1 1956-1961 1.13 3.46 3 10 38 21 19 42 118
74-2 1956-1961 1.21 2.50 4 11 46 21 25 59 74
74-3 1956-1961 1.27 3.18 4 11 45 21 20 69 376
75-1 Pre 1939 1.09 4.79 4 11 40 24 21 182 189
75-2 Pre 1939 1.28 3.92 5 13 39 25 26 414 198
75-3 Pre 1939 1.29 2.81 4 12 40 23 22 171 149
76-1 1956-1961 1.21 3.47 3 9 29 15 18 37 54
76-2 1956-1961 1.29 2.88 3 10 38 16 22 42 138
76-3 1956-1961 1.36 2.24 3 10 39 16 23 52 67
77-1 1956-1961 1.30 2.14 3 11 38 17 21 53 63
77-2 1956-1961 1.30 2.07 4 12 38 17 21 54 91
77-3 1956-1961 1.41 1.30 4 12 35 17 22 55 187
78-1 1962-1967 1.14 2.99 4 12 39 18 21 49 69
78-2 1962-1967 1.49 1.34 3 11 37 17 20 44 160
78-3 1962-1967 1.61 1.06 3 10 33 15 20 40 54
79-1 1956-1961 1.27 2.73 5 12 37 17 22 47 72
79-2 1956-1961 1.53 2.24 3 10 38 16 20 46 122
79-3 1956-1961 1.54 1.63 3 11 40 16 20 51 67
80-1 1940-1955 1.21 2.98 3 10 37 17 19 46 118
80-2 1940-1955 1.29 2.26 3 11 36 17 22 44 76
80-3 1940-1955 1.36 1.38 5 13 38 17 25 44 61
81-1 1940-1955 1.02 3.87 3 10 38 17 20 44 344
81-2 1940-1955 1.25 2.53 4 11 37 18 20 274 61
81-3 1940-1955 1.30 1.93 3 10 37 17 20 35 137
82-1 Pre 1939 1.00 4.07 4 13 38 21 23 76 126
82-2 Pre 1939 1.41 1.99 7 17 46 22 32 113 272
82-3 Pre 1939 1.42 1.27 6 17 42 22 32 107 124
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Density
Organic
Carbon Cd Co Cr Cu Ni Pb ZnSample ID Time Period
g/cm3 % ---------------------------------mg kg -1-----------------------------------
83-1 1956-1961 1.03 3.61 5 14 32 18 24 81 77
83-2 1956-1961 1.27 1.80 5 15 32 17 24 85 66
83-3 1956-1961 1.47 0.61 6 17 40 19 32 109 122
84-1 1962-1967 1.14 3.00 6 17 45 21 31 118 559
84-2 1962-1967 1.40 2.39 6 17 36 20 32 92 109
84-3 1962-1967 1.41 0.84 6 22 38 20 35 100 93
85-1 1956-1961 0.93 3.78 6 16 46 22 29 106 76
85-2 1956-1961 1.20 2.52 6 15 43 20 27 107 63
85-3 1956-1961 1.37 2.09 7 19 40 24 35 117 64
86-1 1956-1961 1.06 3.59 3 9 34 14 15 49 62
86-2 1956-1961 1.19 2.67 4 9 31 14 15 35 83
86-3 1956-1961 1.37 1.86 3 10 37 13 17 40 520
87-1 1956-1961 1.02 3.44 3 11 41 17 19 46 123
87-2 1956-1961 1.17 2.50 3 10 38 17 19 42 69
87-3 1956-1961 1.35 1.38 3 10 30 16 20 37 63
88-1 1975-1982 1.08 3.13 3 10 31 16 18 31 57
88-2 1975-1982 1.39 1.24 3 11 38 16 21 44 52
88-3 1975-1982 1.50 0.91 3 11 38 15 20 45 53
89-1 1968-1974 1.06 3.95 4 10 36 16 17 35 67
89-2 1968-1974 1.88 2.09 3 10 26 20 15 35 54
89-3 1968-1974 1.08 2.07 3 10 37 16 17 34 63
90-1 2003-2005 1.49 0.70 3 10 30 15 19 37 51
90-2 2003-2005 1.71 0.53 4 11 32 14 21 47 47
90-3 2003-2005 1.73 0.44 3 10 30 14 19 36 46
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APPENDIX B. ADDITIONAL SOIL PROPERTY VALUES BY
SAMPLE
Sample ID Time Period pH % Sand % CoarseSilt % Fine Silt % Clay
% Inorganic
Carbon
1-1 1968-1974 7.5 28.5 27.7 24.9 18.9 0.31
1-2 1968-1974 7.7 35.2 24.5 23.6 16.6 0.4
1-3 1968-1974 8.2 46.1 20.8 19.3 13.8 1.24
2-1 1962-1967 7.2 33.8 38.3 6.7 21.2 0.07
2-2 1962-1967 7.4 36.3 23.9 19.2 20.6 0.08
2-3 1962-1967 7.5 38.3 21.6 19.1 21.0 0.24
3-1 Pre 1939 7.4 37.5 32.0 11.7 18.8 0.44
3-2 Pre 1939 7.8 41.1 19.2 21.8 17.9 0.8
3-3 Pre 1939 8.0 45.1 16.7 20.9 17.3 0.99
4-1 1968-1974 6.0 21.5 23.9 28.5 26.1 0
4-2 1968-1974 6.8 21.8 19.3 32.1 26.8 0
4-3 1968-1974 7.6 24.2 18.3 30.6 27.0 0.28
5-1 1975-1982 7.6 57.3 17.5 16.3 8.9 0.99
5-2 1975-1982 7.8 61.4 16.5 13.5 8.6 1.38
5-3 1975-1982 8.2 66.8 15.2 11.8 6.2 1.13
6-1 2003-2005 7.6 44.9 17.7 20.8 16.6 0.78
6-2 2003-2005 8.1 50.4 15.7 18.7 15.2 1.03
6-3 2003-2005 7.9 39.1 18.3 23.0 19.7 0.41
7-1 1991-2002 7.4 42.8 20.7 23.6 12.9 1.41
7-2 1991-2002 7.8 48.1 17.5 21.0 13.4 0.99
7-3 1991-2002 7.9 46.4 19.8 15.5 18.4 1.17
8-1 1983-1990 6.8 30.3 21.6 20.5 27.6 0
8-2 1983-1990 7.6 32.9 19.1 20.5 27.5 0.17
8-3 1983-1990 8.0 37.0 16.7 20.2 26.1 0.6
9-1 1968-1974 7.1 19.3 20.6 27.0 33.1 0.07
9-2 1968-1974 7.1 21.7 21.5 23.9 33.0 0.07
9-3 1968-1974 7.0 16.5 21.3 27.0 35.2 0.05
10-1 1991-2002 6.9 47.2 15.8 14.7 22.3 0
10-2 1991-2002 7.8 54.7 11.5 14.2 19.6 0.89
10-3 1991-2002 8.0 42.0 15.2 19.1 23.7 0.75
11-1 1940-1955 5.9 22.3 19.0 27.6 31.1 0
11-2 1940-1955 6.2 23.1 18.4 27.7 30.8 0
11-3 1940-1955 5.6 25.4 18.2 25.5 30.9 0
12-1 1940-1955 6.5 31.3 19.3 21.7 27.8 0
12-2 1940-1955 6.4 35.4 19.0 19.2 26.4 0
12-3 1940-1955 7.1 37.2 17.0 19.6 26.2 0.09
13-1 Pre 1939 6.5 33.9 17.3 20.4 28.4 0
13-2 Pre 1939 6.6 32.8 16.9 21.2 29.2 0
13-3 Pre 1939 6.6 34.5 18.5 21.1 25.9 0
14-1 Pre 1939 6.2 25.9 24.9 23.7 25.5 0
14-2 Pre 1939 6.3 33.9 19.8 22.3 24.1 0
14-3 Pre 1939 7.1 35.9 19.7 21.7 22.7 0.17
15-1 Pre 1939 6.9 22.6 27.5 25.7 24.3 0
15-2 Pre 1939 6.6 23.9 27.6 25.1 23.3 0
15-3 Pre 1939 7.7 29.3 22.1 24.5 24.0 0.61
16-1 Pre 1939 7.1 34.6 21.0 21.0 23.5 0.26
16-2 Pre 1939 7.5 38.3 19.4 19.6 22.7 0.33
16-3 Pre 1939 7.9 47.0 16.0 17.7 19.3 0.57
17-1 2003-2005 8.0 33.2 23.7 23.3 19.8 0.76
17-2 2003-2005 8.1 42.3 20.8 19.7 17.3 1.05
17-3 2003-2005 8.1 35.2 23.5 22.7 18.6 1.25
18-1 2003-2005 7.9 34.0 23.8 22.3 19.9 0.97
18-2 2003-2005 8.1 41.1 22.1 19.6 17.2 1.1
18-3 2003-2005 8.1 43.5 22.1 18.1 16.3 1.14
19-1 1991-2002 7.8 29.2 22.9 24.6 23.2 0.68
19-2 1991-2002 8.0 35.3 20.9 22.1 21.6 0.56
19-3 1991-2002 8.1 30.7 20.5 24.3 24.5 0.65
20-1 2003-2005 8.2 57.9 21.5 11.6 9.0 1.11
20-2 2003-2005 8.2 52.9 25.1 12.4 9.6 1.18
20-3 2003-2005 8.0 55.1 22.7 13.8 8.4 1.01
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21-1 2003-2005 7.9 43.3 22.7 18.4 15.6 0.82
21-2 2003-2005 8.1 44.8 23.4 19.1 12.7 0.67
21-3 2003-2005 8.1 37.7 25.4 19.7 17.2 0.98
22-1 1983-1990 7.5 31.2 25.1 22.6 21.1 0.44
22-2 1983-1990 8.0 34.6 21.7 22.7 21.0 0.51
22-3 1983-1990 8.2 34.5 23.8 21.4 20.2 0.65
23-1 1983-1990 6.8 21.7 27.9 25.2 25.2 0
23-2 1983-1990 7.3 22.5 24.4 28.0 25.1 0.15
23-3 1983-1990 7.8 25.6 22.9 25.6 25.9 0.27
24-1 1983-1990 5.9 23.9 31.8 23.1 21.2 0
24-2 1983-1990 5.4 25.2 27.4 24.5 22.9 0
24-3 1983-1990 5.7 27.7 26.0 24.0 22.3 0
25-1 1983-1990 7.1 31.9 22.3 21.2 24.6 0.23
25-2 1983-1990 7.6 34.7 18.6 22.6 24.2 0.19
25-3 1983-1990 8.0 30.3 20.4 23.1 26.2 0.22
26-1 1991-2002 7.8 29.0 25.1 25.0 20.9 0.62
26-2 1991-2002 8.1 32.8 16.0 31.0 20.2 1.34
26-3 1991-2002 8.2 33.6 19.3 26.9 20.2 1.17
27-1 2003-2005 8.1 63.3 9.2 14.8 12.8 0.4
27-2 2003-2005 8.0 61.5 9.3 15.2 14.0 0.46
27-3 2003-2005 8.1 63.4 8.9 14.4 13.2 0.56
28-1 1983-1990 8.0 14.8 21.6 39.9 23.7 1.17
28-2 1983-1990 8.2 9.2 17.7 52.2 20.9 1.42
28-3 1983-1990 8.2 11.9 19.8 47.7 20.6 1.23
29-1 1991-2002 7.8 32.1 16.2 26.7 25.0 0.44
29-2 1991-2002 7.9 24.8 16.4 30.2 28.7 0.26
29-3 1991-2002 8.1 29.7 16.5 27.1 26.7 0.72
30-1 1983-1990 7.8 27.7 22.6 29.6 20.2 1.25
30-2 1983-1990 8.1 30.5 21.4 29.1 18.9 1.48
30-3 1983-1990 8.3 23.4 19.0 36.2 21.3 1.07
31-1 1991-2002 8.2 54.0 13.7 16.3 16.0 1.35
31-2 1991-2002 8.4 45.5 15.1 18.9 20.4 0.93
31-3 1991-2002 8.3 44.1 16.9 20.1 18.9 1.06
32-1 1983-1990 7.7 60.3 15.0 11.9 12.8 0.3
32-2 1983-1990 8.1 66.0 13.6 9.3 11.1 0.42
32-3 1983-1990 8.4 69.5 16.7 10.3 3.5 0.26
33-1 1975-1982 7.8 23.1 19.7 36.7 20.5 0.56
33-2 1975-1982 8.2 28.8 14.9 36.6 19.7 1
33-3 1975-1982 8.3 21.1 16.2 37.2 25.4 0.3
34-1 1975-1982 7.2 14.4 29.7 31.1 24.8 0.1
34-2 1975-1982 7.7 17.9 21.8 34.2 26.1 0.18
34-3 1975-1982 7.8 15.6 23.7 34.3 26.4 0.09
35-1 1975-1982 7.7 28.7 21.0 29.8 20.6 0.35
35-2 1975-1982 7.9 30.4 20.6 29.0 20.0 0.64
35-3 1975-1982 8.0 34.6 17.2 32.8 15.3 0.41
36-1 1975-1982 7.9 18.5 19.7 35.2 26.6 0.49
36-2 1975-1982 8.0 19.5 17.2 36.1 27.1 0.81
36-3 1975-1982 8.3 20.0 16.1 35.8 28.0 0.9
37-1 1975-1982 7.4 37.6 21.1 22.1 19.2 0.16
37-2 1975-1982 7.7 40.5 19.7 21.9 17.9 0.14
37-3 1975-1982 8.2 42.1 19.1 21.6 17.2 0.46
38-1 1975-1982 7.8 33.2 21.1 26.0 19.7 0.34
38-2 1975-1982 8.1 39.0 18.1 23.9 19.0 0.59
38-3 1975-1982 8.5 41.6 15.6 20.8 22.0 1.15
39-1 1962-1967 7.8 36.9 18.3 22.7 22.1 0.33
39-2 1962-1967 8.0 41.4 17.9 21.5 19.2 0.66
39-3 1962-1967 8.2 43.8 16.8 19.5 19.9 0.72
40-1 1968-1974 7.9 46.1 17.1 20.0 16.8 0.72
40-2 1968-1974 8.0 51.1 15.9 16.8 16.2 0.54
40-3 1968-1974 8.2 45.2 18.1 18.4 18.4 0.91
41-1 1975-1982 8.0 31.1 20.3 28.2 20.4 1.06
41-2 1975-1982 8.2 35.3 19.4 25.7 19.6 1.47
41-3 1975-1982 8.4 38.3 17.4 27.6 16.6 1.71
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42-1 1991-2002 8.2 34.7 17.8 23.9 23.7 0.94
42-2 1991-2002 8.3 31.9 18.8 25.7 23.7 1.39
42-3 1991-2002 8.1 30.9 18.8 24.5 25.9 0.88
43-1 2003-2005 8.0 58.7 12.3 14.7 14.3 0.63
43-2 2003-2005 8.1 55.9 12.4 15.5 16.2 0.49
43-3 2003-2005 8.0 51.2 15.6 15.7 17.5 1.12
44-1 1968-1974 7.5 39.6 18.7 20.7 21.0 0.09
44-2 1968-1974 7.8 42.9 16.5 20.2 20.4 0.32
44-3 1968-1974 8.1 40.9 19.0 20.7 19.4 0.31
45-1 1962-1967 7.3 31.0 22.5 22.1 24.5 0.09
45-2 1962-1967 7.6 34.4 21.4 20.5 23.7 0.14
45-3 1962-1967 8.1 39.1 21.2 20.2 19.6 0.55
46-1 1962-1967 7.7 40.3 20.3 17.5 21.8 0.05
46-2 1962-1967 7.8 40.5 18.8 17.9 22.8 0.14
46-3 1962-1967 8.1 42.2 18.9 18.5 20.4 0.3
47-1 1968-1974 5.9 27.7 26.1 21.9 24.3 0
47-2 1968-1974 6.8 31.6 22.8 20.2 25.4 0
47-3 1968-1974 7.5 30.5 22.1 21.9 25.5 0.04
48-1 1962-1967 7.2 34.9 21.2 21.0 22.9 0.02
48-2 1962-1967 7.5 32.8 18.8 23.9 24.5 0.02
48-3 1962-1967 8.0 47.7 14.5 16.6 21.2 0.26
49-1 1962-1967 7.0 33.0 23.4 20.7 22.9 0
49-2 1962-1967 7.3 35.6 21.6 20.6 22.1 0.03
49-3 1962-1967 7.9 36.2 20.3 22.1 21.5 0.19
50-1 1940-1955 7.1 35.6 21.9 20.4 22.1 0.02
50-2 1940-1955 7.5 38.9 18.9 20.4 21.7 0.06
50-3 1940-1955 7.8 40.2 21.4 12.8 25.6 0.15
51-1 1940-1955 7.7 34.2 24.5 16.6 24.7 0.37
51-2 1940-1955 8.1 33.6 24.5 17.4 24.6 0.41
51-3 1940-1955 8.1 34.7 22.2 19.7 23.4 0.42
52-1 1962-1967 7.7 32.7 24.1 19.6 23.6 0.14
52-2 1962-1967 7.9 30.2 25.2 19.5 25.2 0.12
52-3 1962-1967 8.0 28.8 23.5 23.0 24.7 0.34
53-1 1968-1974 7.9 29.5 23.5 22.5 24.5 0.44
53-2 1968-1974 8.1 33.3 21.2 20.2 25.4 0.36
53-3 1968-1974 8.2 34.0 22.6 19.3 24.1 0.65
54-1 1968-1974 7.4 32.1 23.9 19.9 24.1 0.37
54-2 1968-1974 8.1 36.7 21.2 20.3 21.8 0.61
54-3 1968-1974 8.2 35.2 19.9 23.2 21.6 0.88
55-1 1968-1974 7.9 28.8 27.2 20.4 23.6 0.17
55-2 1968-1974 7.7 30.2 24.0 22.0 23.8 0.11
55-3 1968-1974 8.2 30.4 22.2 23.5 23.9 0.28
56-1 1962-1967 7.1 32.4 23.9 19.2 24.5 0.04
56-2 1962-1967 7.7 36.3 21.0 19.1 23.6 0.1
56-3 1962-1967 7.9 30.1 22.1 21.4 26.5 0.14
57-1 1991-2002 7.7 41.8 14.7 21.3 22.2 0.78
57-2 1991-2002 8.1 38.5 14.9 24.0 22.6 0.63
57-3 1991-2002 8.2 39.7 15.7 21.8 22.8 0.58
58-1 1991-2002 8.0 50.8 14.6 18.9 15.8 0.86
58-2 1991-2002 8.1 55.6 13.8 16.1 14.5 1.16
58-3 1991-2002 8.1 52.9 14.3 17.5 15.2 1.31
59-1 2003-2005 8.2 47.5 15.0 19.0 18.5 1.33
59-2 2003-2005 8.2 48.6 16.3 18.0 17.1 1.49
59-3 2003-2005 8.2 47.7 15.6 19.1 17.7 1.15
60-1 2003-2005 8.3 60.8 11.9 14.4 12.9 1.28
60-2 2003-2005 8.2 50.3 14.3 17.7 17.7 1.02
60-3 2003-2005 8.2 59.4 10.6 14.9 15.0 0.43
61-1 1983-1990 7.2 33.6 21.7 22.2 22.4 0.09
61-2 1983-1990 7.7 37.3 18.6 21.0 23.2 0.11
61-3 1983-1990 7.8 40.2 16.9 20.4 22.5 0.08
62-1 1991-2002 7.9 52.6 15.8 15.2 16.4 0.73
62-2 1991-2002 8.1 47.8 14.6 19.0 18.6 1.04
62-3 1991-2002 8.2 49.4 16.1 17.3 17.3 0.76
63-1 1983-1990 7.7 39.5 18.1 21.3 21.1 0.15
63-2 1983-1990 7.9 41.0 16.4 21.8 20.8 0.57
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63-3 1983-1990 8.0 41.3 16.0 20.8 22.0 0.33
64-1 1975-1982 6.7 32.5 20.3 23.5 23.6 0
64-2 1975-1982 7.1 35.4 18.1 22.9 23.7 0.03
64-3 1975-1982 7.7 35.9 19.3 21.8 23.1 0.09
65-1 1956-1961 7.6 22.1 24.4 28.4 25.1 0.1
65-2 1956-1961 7.9 35.2 17.9 22.7 24.3 0.13
65-3 1956-1961 8.2 35.1 20.6 24.0 20.3 0.66
66-1 1956-1961 7.9 25.1 24.4 26.2 24.2 0.29
66-2 1956-1961 8.0 28.2 20.3 25.9 25.5 0.5
66-3 1956-1961 8.2 29.3 16.8 26.8 27.1 1.04
67-1 Pre 1939 6.0 26.6 22.6 27.7 23.1 0
67-2 Pre 1939 5.8 27.7 22.3 25.6 24.3 0
67-3 Pre 1939 6.0 28.9 20.1 26.4 24.5 0
68-1 1940-1955 7.0 27.8 21.2 25.9 25.1 0
68-2 1940-1955 7.1 28.4 21.7 24.9 25.0 0.01
68-3 1940-1955 7.1 28.5 19.5 25.5 26.4 0
69-1 Pre 1939 7.1 26.2 21.9 26.1 25.7 0.06
69-2 Pre 1939 7.2 28.4 20.9 24.6 26.1 0.03
69-3 Pre 1939 7.8 31.2 17.6 27.3 24.0 0.18
70-1 1940-1955 6.6 26.2 25.9 24.9 23.0 0
70-2 1940-1955 7.1 28.1 19.1 27.6 25.2 0
70-3 1940-1955 7.5 28.3 19.4 27.4 24.9 0.09
71-1 1940-1955 6.9 24.2 28.2 24.0 23.6 0
71-2 1940-1955 7.1 24.0 21.6 26.9 27.4 0.01
71-3 1940-1955 7.1 24.8 18.3 28.4 28.6 0.01
72-1 1940-1955 7.5 26.8 21.2 26.7 25.3 0.19
72-2 1940-1955 7.8 30.0 24.2 24.4 21.4 0.31
72-3 1940-1955 7.7 27.0 23.7 26.5 22.8 0.06
73-1 Pre 1939 6.7 26.9 23.3 24.9 24.8 0
73-2 Pre 1939 6.6 26.0 22.9 26.0 25.1 0
73-3 Pre 1939 6.6 28.4 21.2 25.3 25.1 0
74-1 1956-1961 7.8 19.1 24.2 30.4 26.3 0.29
74-2 1956-1961 8.0 20.1 22.6 30.6 26.7 0.34
74-3 1956-1961 8.0 25.7 22.8 27.0 24.5 0.15
75-1 Pre 1939 7.8 29.6 21.5 24.6 24.3 0.25
75-2 Pre 1939 7.9 32.3 20.2 24.8 22.7 0.21
75-3 Pre 1939 8.1 32.9 18.2 25.5 23.4 0.58
76-1 1956-1961 7.8 37.3 22.6 21.9 18.2 0.17
76-2 1956-1961 7.9 36.2 23.3 21.4 19.2 0.19
76-3 1956-1961 8.1 33.5 22.1 23.6 20.8 0.13
77-1 1956-1961 7.9 41.0 19.6 23.2 16.2 0.47
77-2 1956-1961 8.1 40.3 21.1 22.5 16.2 0.53
77-3 1956-1961 8.2 41.1 19.6 22.6 16.7 0.94
78-1 1962-1967 7.8 32.2 22.8 23.7 21.3 0.52
78-2 1962-1967 8.2 38.2 19.2 23.7 18.9 1.01
78-3 1962-1967 8.2 37.3 17.6 23.7 21.4 0.79
79-1 1956-1961 8.0 38.7 19.3 22.3 19.7 0.73
79-2 1956-1961 8.1 38.4 17.9 22.8 20.8 0.47
79-3 1956-1961 7.9 37.6 19.2 22.3 21.0 0.46
80-1 1940-1955 7.8 39.4 19.0 22.3 19.4 0.23
80-2 1940-1955 8.0 38.2 19.3 22.8 19.8 0.24
80-3 1940-1955 8.2 37.9 17.0 27.4 17.6 0.42
81-1 1940-1955 7.4 30.0 20.9 25.3 23.8 0.02
81-2 1940-1955 7.5 32.6 19.1 24.7 23.7 0.03
81-3 1940-1955 7.7 35.5 18.2 23.9 22.4 0.03
82-1 Pre 1939 7.6 36.2 21.1 25.9 16.8 0.2
82-2 Pre 1939 7.9 40.8 16.1 22.2 21.0 0.58
82-3 Pre 1939 8.0 40.5 16.6 22.5 20.4 0.51
83-1 1956-1961 7.8 44.2 17.9 19.6 18.3 0.34
83-2 1956-1961 8.1 49.9 15.1 18.6 16.4 0.64
83-3 1956-1961 8.2 45.2 14.8 19.4 20.6 1.57
84-1 1962-1967 7.9 32.6 21.8 22.8 22.8 0.82
84-2 1962-1967 8.2 37.3 18.9 22.1 21.7 1.13
84-3 1962-1967 8.3 37.8 18.3 21.8 22.1 1.25
85-1 1956-1961 7.6 35.6 19.3 22.6 22.6 0.05
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Sample ID Time Period pH % Sand % CoarseSilt % Fine Silt % Clay
% Inorganic
Carbon
85-2 1956-1961 8.1 38.3 17.5 22.4 21.9 0.15
85-3 1956-1961 8.3 31.9 17.3 24.5 26.3 0.17
86-1 1956-1961 7.7 47.4 17.0 17.5 18.1 0.04
86-2 1956-1961 7.3 48.8 16.1 16.9 18.1 0.03
86-3 1956-1961 7.9 48.3 15.6 18.0 18.1 0.16
87-1 1956-1961 7.6 28.4 20.9 26.9 23.7 0.1
87-2 1956-1961 8.0 31.2 20.7 25.9 22.2 0.24
87-3 1956-1961 8.2 31.6 18.6 26.8 23.1 0.71
88-1 1975-1982 7.9 37.8 19.1 22.4 20.8 0.3
88-2 1975-1982 8.0 39.6 16.5 21.6 22.3 0.42
88-3 1975-1982 8.1 38.0 18.7 19.9 23.4 0.34
89-1 1968-1974 7.1 31.9 24.8 21.5 21.8 0.01
89-2 1968-1974 7.7 37.2 19.0 20.9 22.9 0.09
89-3 1968-1974 7.5 34.0 20.5 20.9 24.7 0.04
90-1 2003-2005 8.1 41.0 18.3 20.6 20.0 1.23
90-2 2003-2005 8.3 40.1 17.8 21.0 21.2 1.38
90-3 2003-2005 8.2 43.0 3.8 33.8 19.3 1.34
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APPENDIX C. SAMPLE VERSUS SOIL PROPERTY VALUE
FOR EACH TIME PERIOD
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APPENDIX D. MEANS OF SOIL PROPERTIES BY TIME
PERIOD FOR EACH DEPTH
0.
93
0.
78
0.
36
0.
44
0.
22
0.
21
0.
26
0.
08
0.
12
In
o
rg
an
ic
Ca
rb
o
n
(%
)
15
.
9
19
.
8
22
.
0
20
.
5
23
.
4
22
.
8
21
.
2
24
.
6
23
.
5
Cl
ay
(%
)
18
.
0
21
.
0
23
.
7
27
.
1
22
.
7
19
.
6
23
.
9
23
.
5
23
.
2
Fi
n
e
Si
lt
(%
)
17
.
6
17
.
7
22
.
8
20
.
9
23
.
3
23
.
7
21
.
0
22
.
1
23
.
3
Co
ar
se
Si
lt
(%
)
48
.
5
41
.
4
31
.
5
31
.
4
30
.
5
34
.
0
33
.
9
29
.
8
30
.
0
Sa
n
d
(%
)
8.
0
7.
8
7.
2
7.
6
7.
2
7.
5
7.
8
7.
1
6.
9
pH
72
.
1
10
8.
8
41
6.
6
42
8.
9
89
.
4
12
2.
1
78
.
4
13
4.
2
14
7.
4
Zn
(pp
m
)
45
.
7
45
.
6
56
.
5
40
.
0
44
.
2
49
.
8
54
.
4
53
.
7
85
.
8
Pb
(pp
m
)
19
.
6
20
.
1
22
.
5
20
.
7
18
.
9
19
.
7
19
.
6
18
.
2
21
.
3
N
i
(pp
m
)
14
.
8
14
.
8
17
.
7
17
.
7
17
.
7
17
.
7
17
.
5
17
.
7
21
.
3
Cu
(pp
m
)
34
.
3
36
.
3
40
.
0
37
.
6
35
.
2
38
.
4
36
.
0
37
.
8
44
.
2
Cr
(pp
m
)
12
.
8
11
.
6
13
.
2
11
.
8
11
.
0
11
.
2
10
.
9
10
.
9
12
.
0
Co
(pp
m
)
4.
0
3.
7
4.
4
3.
6
3.
3
3.
0
3.
4
3.
4
4.
5
Cd
(pp
m
)
0.
70
1.
93
2.
98
3.
00
3.
73
3.
36
3.
41
4.
00
4.
91
O
rg
an
ic
Ca
rb
o
n
(%
)
1.
46
1.
27
1.
06
1.
06
1.
05
1.
11
1.
12
1.
08
0.
95
B
u
lk
D
en
sit
y
(g/
cm
3 )
20
03
-
20
05
19
91
-
20
02
19
83
-
19
90
19
75
-
19
82
19
68
-
19
74
19
62
-
19
67
19
56
-
19
61
19
40
-
19
55
Pr
e
19
39
Ti
m
e
Pe
rio
d
So
il
Pr
o
pe
rt
y
M
ea
n
s
o
fS
o
il
Pr
o
pe
rt
ie
s
by
Ti
m
e
Pe
ri
o
d
(0-
5
cm
)
0.
93
0.
78
0.
36
0.
44
0.
22
0.
21
0.
26
0.
08
0.
12
In
o
rg
an
ic
Ca
rb
o
n
(%
)
15
.
9
19
.
8
22
.
0
20
.
5
23
.
4
22
.
8
21
.
2
24
.
6
23
.
5
Cl
ay
(%
)
18
.
0
21
.
0
23
.
7
27
.
1
22
.
7
19
.
6
23
.
9
23
.
5
23
.
2
Fi
n
e
Si
lt
(%
)
17
.
6
17
.
7
22
.
8
20
.
9
23
.
3
23
.
7
21
.
0
22
.
1
23
.
3
Co
ar
se
Si
lt
(%
)
48
.
5
41
.
4
31
.
5
31
.
4
30
.
5
34
.
0
33
.
9
29
.
8
30
.
0
Sa
n
d
(%
)
8.
0
7.
8
7.
2
7.
6
7.
2
7.
5
7.
8
7.
1
6.
9
pH
72
.
1
10
8.
8
41
6.
6
42
8.
9
89
.
4
12
2.
1
78
.
4
13
4.
2
14
7.
4
Zn
(pp
m
)
45
.
7
45
.
6
56
.
5
40
.
0
44
.
2
49
.
8
54
.
4
53
.
7
85
.
8
Pb
(pp
m
)
19
.
6
20
.
1
22
.
5
20
.
7
18
.
9
19
.
7
19
.
6
18
.
2
21
.
3
N
i
(pp
m
)
14
.
8
14
.
8
17
.
7
17
.
7
17
.
7
17
.
7
17
.
5
17
.
7
21
.
3
Cu
(pp
m
)
34
.
3
36
.
3
40
.
0
37
.
6
35
.
2
38
.
4
36
.
0
37
.
8
44
.
2
Cr
(pp
m
)
12
.
8
11
.
6
13
.
2
11
.
8
11
.
0
11
.
2
10
.
9
10
.
9
12
.
0
Co
(pp
m
)
4.
0
3.
7
4.
4
3.
6
3.
3
3.
0
3.
4
3.
4
4.
5
Cd
(pp
m
)
0.
70
1.
93
2.
98
3.
00
3.
73
3.
36
3.
41
4.
00
4.
91
O
rg
an
ic
Ca
rb
o
n
(%
)
1.
46
1.
27
1.
06
1.
06
1.
05
1.
11
1.
12
1.
08
0.
95
B
u
lk
D
en
sit
y
(g/
cm
3 )
20
03
-
20
05
19
91
-
20
02
19
83
-
19
90
19
75
-
19
82
19
68
-
19
74
19
62
-
19
67
19
56
-
19
61
19
40
-
19
55
Pr
e
19
39
Ti
m
e
Pe
rio
d
So
il
Pr
o
pe
rt
y
M
ea
n
s
o
fS
o
il
Pr
o
pe
rt
ie
s
by
Ti
m
e
Pe
ri
o
d
(0-
5
cm
)
144
0.
99
0.
92
0.
50
0.
67
0.
25
0.
34
0.
32
0.
11
0.
19
In
o
rg
an
ic
Ca
rb
o
n
(%
)
15
.
8
20
.
3
21
.
6
20
.
4
23
.
2
22
.
2
21
.
1
24
.
6
23
.
6
Cl
ay
(%
)
17
.
7
22
.
2
25
.
2
26
.
5
22
.
0
20
.
8
23
.
0
23
.
6
23
.
3
Fi
n
e
Si
lt
(%
)
17
.
7
15
.
9
19
.
9
18
.
3
20
.
6
20
.
7
19
.
2
20
.
6
20
.
5
Co
ar
se
Si
lt
(%
)
48
.
8
41
.
5
33
.
4
34
.
8
34
.
2
36
.
3
36
.
6
31
.
2
32
.
5
Sa
n
d
(%
)
8.
1
8.
1
7.
6
7.
9
7.
6
7.
8
7.
9
7.
3
7.
0
pH
12
9.
5
20
3.
1
14
2.
7
38
4.
5
85
.
1
94
.
8
82
.
7
76
.
4
21
5.
5
Zn
(pp
m
)
44
.
7
47
.
3
59
.
2
43
.
6
47
.
1
44
.
1
54
.
2
74
.
4
11
1.
8
Pb
(pp
m
)
20
.
5
20
.
1
24
.
4
22
.
5
19
.
2
20
.
5
20
.
3
19
.
2
22
.
5
N
i
(pp
m
)
15
.
1
15
.
1
18
.
2
17
.
3
16
.
6
17
.
3
17
.
0
18
.
7
21
.
1
Cu
(pp
m
)
35
.
2
36
.
7
43
.
0
37
.
8
38
.
0
36
.
4
35
.
2
38
.
9
40
.
9
Cr
(pp
m
)
11
.
3
11
.
6
14
.
4
12
.
3
11
.
1
11
.
6
11
.
0
11
.
4
12
.
7
Co
(pp
m
)
3.
7
4.
0
4.
8
3.
5
3.
1
3.
0
3.
5
3.
4
4.
7
Cd
(pp
m
)
0.
39
0.
79
1.
55
1.
51
2.
37
2.
21
2.
46
2.
78
3.
18
O
rg
an
ic
Ca
rb
o
n
(%
)
1.
69
1.
51
1.
33
1.
26
1.
34
1.
26
1.
27
1.
25
1.
18
B
u
lk
D
en
sit
y
(g/
cm
3 )
20
03
-
20
05
19
91
-
20
02
19
83
-
19
90
19
75
-
19
82
19
68
-
19
74
19
62
-
19
67
19
56
-
19
61
19
40
-
19
55
Pr
e
19
39
Ti
m
e
Pe
rio
d
So
il
Pr
o
pe
rt
y
M
ea
n
s
o
fS
o
il
Pr
o
pe
rt
ie
s
by
Ti
m
e
Pe
ri
o
d
(5-
10
cm
)
0.
99
0.
92
0.
50
0.
67
0.
25
0.
34
0.
32
0.
11
0.
19
In
o
rg
an
ic
Ca
rb
o
n
(%
)
15
.
8
20
.
3
21
.
6
20
.
4
23
.
2
22
.
2
21
.
1
24
.
6
23
.
6
Cl
ay
(%
)
17
.
7
22
.
2
25
.
2
26
.
5
22
.
0
20
.
8
23
.
0
23
.
6
23
.
3
Fi
n
e
Si
lt
(%
)
17
.
7
15
.
9
19
.
9
18
.
3
20
.
6
20
.
7
19
.
2
20
.
6
20
.
5
Co
ar
se
Si
lt
(%
)
48
.
8
41
.
5
33
.
4
34
.
8
34
.
2
36
.
3
36
.
6
31
.
2
32
.
5
Sa
n
d
(%
)
8.
1
8.
1
7.
6
7.
9
7.
6
7.
8
7.
9
7.
3
7.
0
pH
12
9.
5
20
3.
1
14
2.
7
38
4.
5
85
.
1
94
.
8
82
.
7
76
.
4
21
5.
5
Zn
(pp
m
)
44
.
7
47
.
3
59
.
2
43
.
6
47
.
1
44
.
1
54
.
2
74
.
4
11
1.
8
Pb
(pp
m
)
20
.
5
20
.
1
24
.
4
22
.
5
19
.
2
20
.
5
20
.
3
19
.
2
22
.
5
N
i
(pp
m
)
15
.
1
15
.
1
18
.
2
17
.
3
16
.
6
17
.
3
17
.
0
18
.
7
21
.
1
Cu
(pp
m
)
35
.
2
36
.
7
43
.
0
37
.
8
38
.
0
36
.
4
35
.
2
38
.
9
40
.
9
Cr
(pp
m
)
11
.
3
11
.
6
14
.
4
12
.
3
11
.
1
11
.
6
11
.
0
11
.
4
12
.
7
Co
(pp
m
)
3.
7
4.
0
4.
8
3.
5
3.
1
3.
0
3.
5
3.
4
4.
7
Cd
(pp
m
)
0.
39
0.
79
1.
55
1.
51
2.
37
2.
21
2.
46
2.
78
3.
18
O
rg
an
ic
Ca
rb
o
n
(%
)
1.
69
1.
51
1.
33
1.
26
1.
34
1.
26
1.
27
1.
25
1.
18
B
u
lk
D
en
sit
y
(g/
cm
3 )
20
03
-
20
05
19
91
-
20
02
19
83
-
19
90
19
75
-
19
82
19
68
-
19
74
19
62
-
19
67
19
56
-
19
61
19
40
-
19
55
Pr
e
19
39
Ti
m
e
Pe
rio
d
So
il
Pr
o
pe
rt
y
M
ea
n
s
o
fS
o
il
Pr
o
pe
rt
ie
s
by
Ti
m
e
Pe
ri
o
d
(5-
10
cm
)
145
0.
94
0.
90
0.
47
0.
66
0.
47
0.
48
0.
60
0.
13
0.
36
In
o
rg
an
ic
Ca
rb
o
n
(%
)
16
.
3
21
.
4
21
.
1
20
.
4
23
.
4
21
.
8
21
.
9
24
.
9
22
.
7
Cl
ay
(%
)
16
.
7
17
.
3
19
.
8
17
.
9
20
.
5
19
.
5
18
.
7
19
.
5
18
.
7
Fi
n
e
Si
lt
(%
)
16
.
7
17
.
3
19
.
8
17
.
9
20
.
5
19
.
5
18
.
7
19
.
5
18
.
7
Co
ar
se
Si
lt
(%
)
47
.
5
39
.
9
34
.
1
35
.
4
33
.
7
38
.
1
35
.
9
31
.
9
35
.
4
Sa
n
d
(%
)
8.
1
8.
1
7.
8
8.
2
7.
9
8.
0
8.
1
7.
4
7.
4
pH
49
.
8
26
6.
6
21
0.
2
30
1.
4
61
.
7
86
.
0
15
8.
2
16
5.
3
13
2.
2
Zn
(pp
m
)
43
.
6
46
.
0
56
.
9
44
.
3
43
.
4
46
.
9
60
.
3
75
.
6
79
.
6
Pb
(pp
m
)
24
.
5
20
.
9
24
.
6
22
.
4
19
.
3
21
.
8
22
.
2
20
.
8
23
.
0
N
i
(pp
m
)
14
.
9
15
.
7
18
.
1
16
.
7
16
.
1
16
.
5
17
.
3
18
.
8
19
.
9
Cu
(pp
m
)
34
.
4
36
.
7
42
.
7
39
.
9
38
.
5
35
.
7
36
.
3
39
.
7
39
.
1
Cr
(pp
m
)
11
.
4
11
.
4
14
.
3
11
.
6
11
.
1
12
.
2
11
.
8
12
.
3
13
.
0
Co
(pp
m
)
3.
8
3.
7
4.
8
3.
6
3.
1
3.
1
3.
7
4.
0
4.
6
Cd
(pp
m
)
0.
37
0.
69
1.
06
1.
07
1.
51
1.
40
1.
75
2.
14
2.
38
O
rg
an
ic
Ca
rb
o
n
(%
)
1.
70
1.
59
1.
47
1.
44
1.
38
1.
38
1.
42
1.
35
1.
23
B
u
lk
D
en
sit
y
(g/
cm
3 )
20
03
-
20
05
19
91
-
20
02
19
83
-
19
90
19
75
-
19
82
19
68
-
19
74
19
62
-
19
67
19
56
-
19
61
19
40
-
19
55
Pr
e
19
39
Ti
m
e
Pe
rio
d
So
il
Pr
o
pe
rt
y
M
ea
n
s
o
fS
o
il
Pr
o
pe
rt
ie
s
by
Ti
m
e
Pe
ri
o
d
(10
-
20
cm
)
0.
94
0.
90
0.
47
0.
66
0.
47
0.
48
0.
60
0.
13
0.
36
In
o
rg
an
ic
Ca
rb
o
n
(%
)
16
.
3
21
.
4
21
.
1
20
.
4
23
.
4
21
.
8
21
.
9
24
.
9
22
.
7
Cl
ay
(%
)
16
.
7
17
.
3
19
.
8
17
.
9
20
.
5
19
.
5
18
.
7
19
.
5
18
.
7
Fi
n
e
Si
lt
(%
)
16
.
7
17
.
3
19
.
8
17
.
9
20
.
5
19
.
5
18
.
7
19
.
5
18
.
7
Co
ar
se
Si
lt
(%
)
47
.
5
39
.
9
34
.
1
35
.
4
33
.
7
38
.
1
35
.
9
31
.
9
35
.
4
Sa
n
d
(%
)
8.
1
8.
1
7.
8
8.
2
7.
9
8.
0
8.
1
7.
4
7.
4
pH
49
.
8
26
6.
6
21
0.
2
30
1.
4
61
.
7
86
.
0
15
8.
2
16
5.
3
13
2.
2
Zn
(pp
m
)
43
.
6
46
.
0
56
.
9
44
.
3
43
.
4
46
.
9
60
.
3
75
.
6
79
.
6
Pb
(pp
m
)
24
.
5
20
.
9
24
.
6
22
.
4
19
.
3
21
.
8
22
.
2
20
.
8
23
.
0
N
i
(pp
m
)
14
.
9
15
.
7
18
.
1
16
.
7
16
.
1
16
.
5
17
.
3
18
.
8
19
.
9
Cu
(pp
m
)
34
.
4
36
.
7
42
.
7
39
.
9
38
.
5
35
.
7
36
.
3
39
.
7
39
.
1
Cr
(pp
m
)
11
.
4
11
.
4
14
.
3
11
.
6
11
.
1
12
.
2
11
.
8
12
.
3
13
.
0
Co
(pp
m
)
3.
8
3.
7
4.
8
3.
6
3.
1
3.
1
3.
7
4.
0
4.
6
Cd
(pp
m
)
0.
37
0.
69
1.
06
1.
07
1.
51
1.
40
1.
75
2.
14
2.
38
O
rg
an
ic
Ca
rb
o
n
(%
)
1.
70
1.
59
1.
47
1.
44
1.
38
1.
38
1.
42
1.
35
1.
23
B
u
lk
D
en
sit
y
(g/
cm
3 )
20
03
-
20
05
19
91
-
20
02
19
83
-
19
90
19
75
-
19
82
19
68
-
19
74
19
62
-
19
67
19
56
-
19
61
19
40
-
19
55
Pr
e
19
39
Ti
m
e
Pe
rio
d
So
il
Pr
o
pe
rt
y
M
ea
n
s
o
fS
o
il
Pr
o
pe
rt
ie
s
by
Ti
m
e
Pe
ri
o
d
(10
-
20
cm
)
146
APPENDIX E. SIGNIFICANT TUKEY AND TUKEY-KRAMER
PAIRWISE COMPARISIONS FOR TIME PERIOD AND
DEPTH
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APPENDIX F. MAPS OF WEIGHTED MEAN HEAVY METAL
CONCENTRATIONS FOR EACH SITE
148
149
150
151
152
153
154
ACKNOWLEGEMENTS
Thank you to my major professor, Andrew Manu, for all his patience, expertise,
encouragement and support. I would also like to thank my committee members: Paul
Anderson, Lee Burras, and Philip Dixon for all their help and time. Thanks to Dan Nath for
driving around Ankeny with me sampling, discussing my project, and helping me whenever I
needed it. Thank you to Ali Tabatabai for the use of his laboratory, help with the heavy
metal laboratory analysis, and his encouragement. I thank Brian Hill for help with the heavy
metal analysis using the ICP, Man-Yu Yum for her help with the statistical analysis, Beth
Larabee for sending me laboratory procedure references, and Ryan Van Roekel for his help
with lab work. I would also like to thank Jon Sandor, Michael Thompson, Teresita Chau,
Brian Schmid, Skye Wills, Tom Fenton, and all my professors for their input and guidance.
Thank you to Jeremy for discussing my project with me, staying in Agronomy Hall late and
on weekends, and supporting me. I thank my Mom, Dad, Sarah, and Jason for their love and
support.
